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Step-by-Step Summary

L ead-Based Paint | nspection:
How to Do It

Note: This1997 Revision replaces Chapter 7 of the 1995 HUD Guidelinesfor the
Evaluation and Control of Lead-Based Paint Hazardsin Housing

1. SeeChapters 3, 5 and 16 for guidance on when alead-based paint inspection is appropriate. A lead-based paint
inspection will determine:

»  Whether lead-based paint is present in a house, dwelling unit, residential building, or housing development,
including common areas and exterior surfaces; and

» If present, which building components contain lead-based paint.

The U.S. Department of Housing and Urban Development (HUD) and the U.S. Environmental Protection Agency
(EPA) define an inspection as a surface-by-surface investigation to determine the presence of |ead-based paint
(see 40 CFR part 745 and Title X of the 1992 Housing and Community Development Act). The sampling
protocols in this chapter fulfill that definition.

2. Theclient should hire acertified (licensed) |ead-based paint inspector or risk assessor (see 40 CFR part 745).
Lists of inspectors and laboratories can be obtained by calling 1-888-LEADLIST or through the Internet at
www.leadlisting.org. Listsare also available through State agencies (call 1-800-LEAD-FY | for the appropriate
local contact). Morethan half of al States now require alicense or certification to perform alead-based paint
inspection. If the State does not yet have a certification law, an inspector or risk assessor certified under another
State's law should be used. By thefall of 1999, all lead-based paint inspections must be performed by a certified
lead-based paint inspector or risk assessor in accordance with 40 CFR part 745, section 227.

3. Theingpector should use the HUD/EPA standard for lead-based paint of 1.0 mg/cm? or 0.5% by weight, as
defined by Title X of the 1992 Housing and Community Development Act. If the applicable standard in the
jurisdiction is different, the proceduresin this chapter will need to be modified. For the purposes of the
HUD/EPA lead-based paint disclosure rule, 1.0 milligrams per square centimeter (mg/cm?) or 0.5% by weight are
the standards that must be used.

4. Obtain the XRF Performance Characteristic Sheet for the X-Ray Fluorescence (XRF) lead paint analyzer to be
used in the inspection. It will specify the ranges where X RF results are positive, negative or inconclusive, the
calibration check tolerances, and other important information. Contact the National Lead Information Center
Clearinghouse (1-800-424-LEAD) to obtain the appropriate XRF Performance Characteristic Sheet, or
download it from the Internet at www.hud.gov/lealleahome.html. XRF Performance Characteristic Sheets have
been developed by HUD and EPA for most commercially available X RFs (see Addendum 3 of this chapter).

5. Report lead paint amountsin mg/cm? because this unit of measurement does not depend on the number of layers
of non-lead-based paint and can usually be obtained without damaging the painted surface. All measurements of

1997 Revision 7-iii



10.

11.

12.

13.

lead in paint should be in mg/cn?, unless the surface area cannot be measured or if al paint cannot be removed
from the measured surface area. In such cases, concentrations may be reported in weight percent (%) or parts per
million by weight (ppm).

Follow the radiation safety procedures explained in this chapter, and as required by the U.S. Nuclear Regulatory
Commission and applicable State and local regulations when using X RF instruments.

Take at least three calibration check readings before beginning the inspection. Additional calibration check
readings should be made every 4 hours or after inspection work has been completed for the day, or according to
the manufacturer's instructions, whichever is most frequent. Calibration checks should always be done before the
instrument is turned off and again after it has been warmed up (calibration checks do not need to be done each
time an instrument enters an automatic "deep" state while still powered on).

When conducting an inspection in a multifamily housing development or building, obtain a complete list of all
housing units, common areas, and exterior site areas. Determine which can be grouped together for inspection
purposes based on similarity of construction materials and common painting histories. In each group of similar
units, similar common areas, and similar exterior sites, determine the minimum number of each to be inspected
from the tables in this chapter. Random selection procedures are explained in this chapter.

For each unit, common area, and exterior site to be inspected, identify all testing combinations in each room
equivalent. A testing combination is characterized by the room equivalent, the component type, and the substrate.
A room equivalent is an identifiable part of aresidence (e.g., room, house exterior, foyer, etc.). Painted surfaces
include any surface coated with paint, shellac, varnish, stain, paint covered by wallpaper, or any other coating.
Wallpaper should be assumed to cover paint unless building records or physical evidence indicatesno paint is
present.

Take at least one individual XRF reading on each testing combination in each room equivalent. For walls, take at
least four readings (one reading on each wall) in each room equivalent. A different visible color does not by itsalf
result in a separate testing combination. It is not necessary to take multiple XRF readings on the same spot, as
was recommended in the 1990 Interim Guidelines for Public and Indian Housing.

Determine whether to correct the X RF readings for substrate interference by consulting the XRF Performance
Characteristic Sheet. If test results for agiven substrate fall within the substrate correction range, take readings
on that bare substrate scraped completely clean of paint, as explained in this chapter.

Classify XRF results for each testing combination. Readings above the upper limit of the inconclusive range are
considered positive, while readings below the lower limit of the inconclusive range are considered negative.
Readings within the inconclusive range (including its boundary values) are classified asinconclusive. Some
instruments have a threshold value separating ranges of readings considered positive from readings considered
negative for a given substrate. Readings at or above the threshold are considered positive, while readings below
the threshold are considered negative.

In single-family housing inspections, all inconclusive readings must be confirmed in the [aboratory, unless the
client wishes to assume that all inconclusive results are positive. Such an assumption may reduce the cost of an
inspection, but it will probably increase subsequent abatement, interim control, and maintenance costs, because
laboratory analysis often shows that testing combinations with inconclusive readings do not in fact contain lead-
based paint. Inconclusive readings cannot be assumed to be negative.
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14. In multifamily dwelling inspections, X RF readings are aggregated across units and room equivalents by
component type. Use the flowchart provided in this chapter (Figure 7.1) to make classifications of all testing
combinations or component types in the devel opment as awhole, based on the percentages of positive, negative,
and inconclusive readings.

15. If the inspector collected paint-chip samples for analysis, they should be analyzed by alaboratory recognized
under the EPA's National Lead Laboratory Accreditation Program (NLLAP). Paint-chip samples are collected
when the overall results for acomponent type areinconclusive. They may be collected by a properly trained and
certified inspector, client, or third party, if permitted by State law. Paint-chip samples should contain all layers of
paint (not just peeled layers) and must always include the bottom layer. If results will be reported in mg/cmg,
including asmall amount of substrate with the sample will not significantly bias results. Substrate material should
not, however, be included in samples reported in weight percent. Paint from 4 square inches (25 square
centimeters) should provide a sufficient quantity for laboratory analysis. Smaller surface areas may be used, if the
laboratory indicates that a smaller sampleis acceptable. In al cases, the surface area sampled must be recorded.

16. Theclient or client's representative should evaluate the quality of the inspection using the proceduresin this
chapter.

17. The inspector should write an inspection report indicating if and where lead-based paint islocated in the unit or
the housing development (or building). The report should include a statement that the presence of |ead-based
paint must be disclosed to potential new buyers (purchasers) and renters (lessees) prior to obligation under asales
contract or lease, based on Federal law (see 24 CFR part 35, subpart H or 40 CFR part 745, subpart F). The
suggested language below may be used. The inspection report should contain detailed information on the
following:

»  Who performed the inspection;

« Date(s);

» Inspector's certification number;

e All XRF readings;

» Classification of all surfacesinto positive or negative (but not inconclusive) categories, based on XRF and
laboratory analyses,

»  Specific information on the XRF and laboratory methodologies;

» Housing unit and sampling location identifiers;

» Resultsof any laboratory analyses; and

e Additional information described in Section IV of this chapter.

This chapter also contains language that may be used in an inspection report in the case where no lead-based paint has
been identified (see the suggested language below).
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Recommended Report Language On Disclosure For Use In Lead-Based Paint | nspections

"A copy of this summary must be provided to new lessees (tenants) and purchasers of this property under Federal
law (24 CFR part 35 and 40 CFR part 745) before they become obligated under alease or sales contract. The
complete report must also be provided to new purchasers and it must be made available to new tenants.
Landlords (lessors) and sellers are also required to distribute an educational pamphlet approved by the U.S.
Environmental Protection Agency and include standard warning language in their leases or sales contractsto
ensure that parents have the information they need to protect their children from lead-based paint hazards."

(See Section IV of Chapter 7 of the HUD Guidelines for further details)

Recommended Report Language for I nspections Where No L ead-Based Paint Was | dentified

"The results of this inspection indicate that no lead in amounts greater than or equal to 1.0 mg/cm? in paint was
found on any building components, using the inspection protocol in Chapter 7 of the HUD Guidelines for the
Evaluation and Control of Lead-Based Paint Hazards in Housing (1997 Revision). Therefore, this dwelling
gualifies for the exemption in 24 CFR part 35 and 40 CFR part 745 for target housing being leased that is free of
lead-based paint, as defined in the rule. However, some painted surfaces may contain levels of lead below

1.0 mg/cmz, which could create lead dust or lead-contaminated soil hazards if the paint is turned into dust by
abrasion, scraping, or sanding. This report should be kept by the inspector and should also be kept by the owner
and all future ownersfor the life of the dwelling."

(See Section IV of Chapter 7 of the HUD Guidelines for further details)
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Chapter 7: Lead-Based Paint I nspection

Note: This1997 Revision replaces Chapter 7 of the 1995 HUD Guidelinesfor the
Evaluation and Control of Lead-Based Paint Hazardsin Housing

|. Introduction

A. Purpose

This chapter explains methods for performing
lead-based paint ingpections in housing to determine:

*  Whether lead-based paint is present in a house,
dwdlling unit, residential building, or housing
development, including common areas and
exterior surfaces; and

» If present, which building components contain
lead-based paint.

Theinformation presented hereis intended for both
inspectors and persons who purchase inspection
sarvices (clients). Both an inspection protocol and
methods for determining the quality of an inspection
are provided. Meansfor locating certified lead
inspectors are also described.

1 Disclosure of I nspections

Federal law now requires that the results of |ead-based
paint inspections and risk assessments be disclosed to
prospective renters (lessees, tenants) entering into a
new lease and renters renewing an old lease, and to
prospective purchasers prior to obligation under a
sales contract, if lead-based paint isfound. If the
inspection described in this chapter finds that |ead-
based paint is not present in units which areto be
leased, the dwelling unit and, for multifamily housing,
all other dwelling units characterized by the inspection
are exempt from disclosure requirements. However,
for dwelling units which are being sold (not leased),
the owner still has certain legal responsibilitiesto
fulfill under Federal

law even if no lead-based paint isidentified. Seethe
HUD and EPA regulationsin 24 CFR part 35 or 40
CFR part 745, respectively, for additional details.
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Y ou may contact the National Lead Information
Center Clearinghouse (1-800-424-LEAD) to obtain
HUD and EPA brochures, question-and-answer
booklets, the regulations mentioned above (and the
descriptive preamble to those regulations), and other
information on lead-based paint disclosure. See
Section IV for recommended inspection report
language regarding these disclosure requirements.

2. Limitation of thisInspection
Protocol

The protocol described here is not intended for
investigating housing units where children with
elevated blood lead levels are currently residing. Such
aprotocol can be found in Chapter 16 or may be
available from a State or local health department.

3. Documentation of Results

The complete set of forms provided at the end of this
chapter may be used in single-family and multifamily
housing. Equivalent forms or computerized reports
may also be used to document the results of
inspections.

B. Qualifications of I nspectorsand
Laboratories

1 Whereto Find Inspectorsand
Laboratories

Lists of State-licensed (certified) inspectors and
accredited laboratories recognized under the U.S.
Environmental Protection Agency (EPA) National
Lead Laboratory Accreditation Program (NLLAP) are
often available from State or local agencies. Call the
National Lead Information Center Clearinghouse (1-
800-424-L EAD) to locate the appropriate local
contact.

A nationwide listing of certified inspectors, risk
assessors, and accredited laboratoriesis also available
on the Internet at www.leadlisting.org. Thelistsare



also available through an automated tel ephone system
by calling 1-888-LEADLIST (1-888-532-3547).

2. Qualifications of | nspectors

The inspector must be certified (licensed) in lead-
based paint inspection by the State where the testing is
to be done if it has an inspection certification program;
if the State does not have such a program, the
inspector should be certified by another State.
Currently, more than half of al States have such
licensing laws. By thefall of 1999, all lead-based
paint inspections must be performed only by a
certified lead-based paint inspector or risk assessor in
accordance with the work practices of 40 CFR part
745, section 227 (see the regulation for specific
effective dates for States and Indian Tribes).

C. Other Sources of Information Required to
Use This Protocol

The other sources of information and materials needed
for using this protocol include an XRF Performance
Characteristic Sheet, U.S. Nuclear Regulatory
Commission and State radiation protection
regulations, and standards issued by the American
Society for Testing and Materials (ASTM). The
National Ingtitute of Standards and Technology
(NIST) produces Standard Reference Materials
(SRMs) and provides supporting documentation for
these materias.

1. XRF Performance Characteristic
Shest

An XRF Performance Characteristic Sheet defines
acceptable operating specifications and procedures for
each mode of X-Ray Fluorescence (XRF) |ead-based
paint analyzer. Aninspector should follow the XRF
Performance Characteristic Sheet for all inspection
activities. For most commercially available XRFs,
XRF Performance Characteristic Sheets are available
from the National Lead Information Center
Clearinghouse or through the Internet at
www.hud.gov/lealleahome.html. They are also
included in a new, easy-to-use format in Addendum 3
to this chapter.

2. XRF Radiation Protection
Regulations
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Regulations that govern radioactive sources used in
XRFs are available from State radiation protection

agencies, and the Nuclear Regulatory Commission

(301-415-7000).

3. ASTM and NIST Standards

Other helpful information and standards are available
from ASTM (610-832-9585), including:

. ASTM E 1583 on evaluating laboratories
used to determine lead levels

. ASTM E 1605 on terminology

. ASTM E 1613 on determining lead by atomic
emission or atomic absorption spectroscopy

. ASTM E 1645 on laboratory preparation of
paint-chip samples

. ASTM E 1729 on collecting paint-chip
samples

. ASTM E 1775 on-site extraction and field-
portable stripping voltammetry analysis for
lead

. ASTM PS 53 on identifying and managing
lead in facilities

. ASTM PS 87 on ultrasonic extraction for
later analysisfor lead

. ASTM PS 88 on determining lead by portable
electroanalysis

NIST (301-975-6776) has developed series of paint
filmsthat have known amounts of lead-based paint
and can be used for calibration check purposes. NIST
Standard Reference Material 2579 is available as of
mid-1997; NIST is planning to rel ease additional
series of paint filmsin late 1997 or early 1998 (see
Section 1V.D, below).

D. Paint Testing for Inspections and Risk
Assessments

Risk assessments determine the presence of |ead-based
paint hazards, while inspections determine the
presence of lead-based paint. The paint-chip sampling
and measurement techniques used for paint
inspections are similar to the techniques used for risk
assessment. However, the number of paint
measurements or samples taken for a paint inspection
is considerably greater than the number of paint
samples required for arisk assessment, because risk
assessments measure lead only in deteriorated paint
(risk assessments also measure lead in dust and soil).
Inspections measure lead in both deteriorated and



intact paint, which involves many more surfaces. Risk
assessments always note the condition of paint films;
inspections may not. For dwellingsin good condition,
afull risk assessment may be unnecessary, and alead
hazard screen risk assessment may be conducted. Ina
lead hazard screen or risk assessment, the certified risk
assessor tests only painted surfacesin "deteriorated”
condition for their lead content, either by XRF or
laboratory analysis. See Chapter 5 for methods to
determine the condition of paint filmswhen
conducting a risk assessment.

E. Most Common I nspection M ethod

Portable X RF |ead-based paint analyzers are the most
common primary analytical method for inspectionsin
housing because of their demonstrated abilitiesto
determineif lead-based paint is present on many
surfaces and to measure the paint without destructive
sampling or paint removal, aswell astheir high speed
and low cost per sample. Portable XRF instruments
expose a building component to X rays or gamma
radiation, which causes lead to emit X rayswith a
characteristic frequency or energy. Theintensity of
this radiation is measured by the instrument; the
inspector must then compare this displayed value
(reading) with the inconclusive range or threshold
specified in the XRF Performance Characteristic
Sheet for the specific XRF instrument being used, and
the specific substrate beneath the painted surface (see
Section IV.G, below). If the reading isless than the
lower boundary of the inconclusive range, or less than
the threshold, then the reading is considered negative.
If the reading is greater than the upper boundary of the
inconclusive range, or greater than or equal to the
threshold, then the reading is considered positive.
Readings within the inconclusive range, including its
boundary values, are considered inconclusive.
Because the inconclusive ranges and/or thresholds
shown in the Performance Characteristic Sheet are
based on 1.0 mg/cm?, positive and negative readings
are consistent with the HUD definition of lead-based
paint for identification and disclosure purposes.

F. XRF Performance Char acteristic Sheets
and M anufacturer'sInstructions

Only XRF ingtruments that have a HUD/EPA-issued
or equivalent XRF Performance Characteristic Sheet
should be used. XRFs must be used in accordance
with the manufacturer's instructions and the XRF
Performance Characteristic Sheet. The XRF
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Performance Characteristic Sheet contains
information about X RF readings taken on specific
substrates, calibration check tolerances, interpretation
of XRF readings (see section |.E, above), and other
aspects of the model's performance. |If discrepancies
exist between the XRF Performance Characteristic
Sheet, the HUD Guidelines and the manufacturer's
instructions, the most stringent guidelines should be
followed. For example, if the XRF Performance
Characteristic Sheet has alower (more stringent)
calibration check tolerance than the manufacturer’s
instructions, the XRF Performance Characteristic
Sheet should be followed. These Guidelines and the
XRF Performance Characteristic Sheets are
applicable to all XRF instrumentsthat detect K X
rays, L X rays, or both.*

G. I nspection by Paint Chip Analysis

Performing inspections by the sole use of laboratory
paint chip analysisis not recommended becauseitis
time-consuming, costly, and requires extensive repair
of painted surfaces. Laboratory analysis of paint-chip
samples is recommended for inaccessible areas or
building components with irregular (non-flat) surfaces
that cannot be tested using X RF instrumentation.
Laboratory analysis is also recommended to confirm
inconclusive X RF results, as specified on the
applicable XRF Performance Characteristic Sheet.
Some newer laboratory analytical methods can provide
results within minutes (see section I.H, below). Only
|aboratories recognized under the EPA NLLAP should
be used. Laboratory analysisis more accurate and
precise than XRF but only if great careis used to
collect and analyze the paint-chip sample. Laboratory
results should be reported as mg/cmz2. Appendix 1 of
these Guidelines explains why units of mg/cm? are not
dependent on the number of overcoats of lead-free
paint and why such units of measure are therefore
more reliable than weight percent. The dimensions of
the area from which a paint-chip sample is removed
must be measured as accurately as possible (to the
nearest millimeter or 1/16th of an inch).

Although laboratory results can also be reported asa
percentage of lead by weight of the paint sample,
percents should only be used when it is not feasible to
use mg/cm2. These two units of measure are not
interchangeable. Laboratory results should be
reported as mg/cm? if the surface area can be
accurately measured and if all paint within that areais
collected.



In mg/cm?2 measurements, collecting small amounts of
substrate material with the sample does not bias the
results significantly, although having any amount of
substrate in the sample can result in less precise
results. Inweight percent measurements, however, no
substrate may be included because the substrate will
"dilute" the amount of lead reported. Regardless of
the units of measurement sdlected, the bottom layer of
paint must aways be included in the sample. If a
visual examination shows that the bottom layer of
paint appearsto have "bled" into the substrate, avery
thin upper portion of the substrate should be included
in the sampleto ensure that all lead within the sample
area has been included in the sample. In caseswhere
significant amounts of substrate are included in the
sample, the results should always be reported in
mg/cmz.

See Section VI for additional information on
laboratory analysis.

H. Additional M eans of Analyzing Paint

Methods of analyzing lead in paint are available in
addition to XRF and laboratory paint chip analysis,
including transportable instruments and chemical test
kits. Because these methods involve paint removal or
disturbance, repair is needed after sampling, unlessthe
substrate will be removed, encapsulated, enclosed, or
repainted before occupancy (see Section V1), or if
analysis shows that the paint is not lead-based paint,
and leaving the damage is acceptable to the client
and/or the owner.

1. M obile L abor atories

Portable instruments that employ anodic stripping
voltammetry and potentiometric stripping
voltammetry are now available. Their useis described
in ASTM Provisional Standard Practice PS 88. Also,
ASTM Standard Guide E 1775 may be used asabasis
for evaluating the performance of on-site extraction
and electrochemical and spectrophotometric analyses.
If the organization using a portable instrument is
recognized under the EPA NLLAP and used that type
of instrument to obtain the laboratory's recognition,
they can be used in the same way as any other
NLLAP-recognized laboratory. In short, both fixed-
site and mobile laboratories may be used, provided
they are recognized under NLLAP.
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2. Chemical Test Kits

Chemical test kits are intended to show a color change
when a part of the kit makes contact with the lead in
lead-based paint. One type of chemical test kit is
based on the formation of |ead sulfide, which is black,
when lead in paint reacts with sodium sulfide.
Another is based on the formation of ared or pink
color when lead in paint reacts with sodium
rhodizonate.

EPA did not find that chemical spot test kits are
sufficiently reliable for use in lead-based paint
inspection, and recommended that they not be used
(EPA 1995). HUD and EPA may recommend them in
the future for inspectionsif chemical test kit
technology is demonstrated to be equivalent to XRF or
laboratory paint chip analysisin its ability to properly
classify painted surfaces into positive, negative, and
inconclusive categories, with appropriate estimates of
the magnitude of sampling and analytical error. XRF
Performance Characteristic Sheets currently provide
such estimates for XRFs, and analytical error iswell-
described for laboratory analysis. HUD iscurrently
funding the National Ingtitute for Standards and
Technology (NIST) and other researchersto evaluate
commercially available chemical test kits and provide
the basis for improved chemical test kits. Information
on test kits or other new technologies for testing for
lead in paint can be obtained from the National Lead
Information Center Clearinghouse (1-800-424-
LEAD).

L. Summary of XRF Radiation Safety |ssues

Radiation hazards associated with the use of XRFs are
covered in detail in Section VII. The shutter of an
XRF must never be pointed at anyone, even if the
shutter isclosed. Inspectors should wear radiation
dosimeters to measure their exposure, although
excessive exposures are highly unlikely if the
instruments are used in accordance with the
manufacturer’sinstructions. If feasible, persons
should not be near the other side of awall, floor,
ceiling, or other surface being tested.



1. Definitions
Definitions of several key terms used in this chapter
are provided here. Some additional definitions may be
found in ASTM Standard E 1605, Standard
Terminology Relating to Abatement of Hazards from
L ead-based Paint on Buildings and Related Structures,
and in other standard chemical, statistical,

architectural and engineering dictionaries and texts.
For terms discussed both here and inthe ASTM
document, the definitions and descriptionsin this
chapter should be used.

L ead-based paint - L ead-based paint means paint or
other surface coatings that contain lead equal to or
greater than 1.0 mg/cm? or 0.5 percent by weight
(equivalent units are: 5,000 pg/g, 5,000 mg/kg, or
5,000 ppm by weight). Surface coatings include paint,
shellac, varnish, or any other coating, including
wallpaper which covers painted surfaces.

Lead loading - The mass of lead in a given surface
area on asubstrate. Lead loading is typically measured
in units of milligrams per square centimeter (mg/cma).
Itisalso called area concentration.

Room equivalent - A room equivalent is an
identifiable part of aresidence, such asaroom, a
house exterior, afoyer, staircase, hallway, or an
exterior area (exterior areas contain items such as play
areas, painted swing sets, painted sandboxes, etc.).
Closets or other similar areas adjoining rooms should
not be considered as separate room equiva ents unless
they are obvioudy dissimilar from the adjoining room
equivalent. Most closets are not separate room
equivalents. Exteriors should beincluded in all
inspections. An individual side of an exterior is not
considered to be a separate room equivalent, unless
thereisvisual or other evidence that its paint history is
different from that of the other sides. All sidesof a
building (typically two for row houses or four for
freestanding houses) are generally treated asasingle
room equivalent if the paint history appearsto be
similar. For multifamily developments or apartment
buildings, common areas and exterior sites are treated
as separate types of units, not as room equivalents (see
section V.C.1 for further guidance).

Substrate - The substrate is the material underneath
the paint. Substrates should be classified into one of
six types: brick, concrete, drywall, metal, plaster, or
wood. These substrates cover admost all building
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materials that are painted and are linked to those used
in the XRF Performance Characteristic Sheets. For
example, the concrete substrate type includes poured
concrete, precast concrete, and concrete block.

If a painted substrate is encountered that is different
from the substrate categories shown on the XRF
Performance Characteristic Sheet, select the
substrate type that is most similar in density and
composition to the substrate being tested. For
example, for painted glass substrates, an inspector
should select the concrete substrate, because it has
about the same density (2.5 g/cm?®) and because the
major element in both is silicon.

For components that have layers of different
substrates, such as plaster over concrete, the substrate
immediately adjacent to (underneath) the painted
surface should be used. For example, plaster over
concrete block is recorded as plaster.

Tegting Combination - A testing combinationisa
unigue combination of room equivaent, building
component type, and substrate. Visible color may not
be an accurate predictor of painting history and is not
included in the definition of atesting combination.
Table 7.1 lists common building component types that
could make up distinct testing combinations within
room equivalents. Thelist is not intended to be
complete. Unlisted componentsthat are coated with
paint, varnish, shellac, wallpaper, stain, or other
coating should also be considered as a separate testing
combination.

Certain building components that are adjacent to each
other and not likely to have different painting histories
can be grouped together into asingle testing
combination, as follows:

. Window casings, stops, jambs and aprons are
asingle testing combination
. Interior window mullions and window sashes

are a single testing combination--do not group
interior mullions and sashes with exterior
mullions and sashes

. Exterior window mullions and window sashes
are asingle testing combination

. Door jambs, stops, transoms, casings and
other door frame parts are asingle testing
combination

. Door stiles, rails, panels, mullions and other

door parts are asingle testing combination



Baseboards and associated trim (such as Each of these building parts should be tested

guarter-round or other caps) areasingle separately if there is some specific reason to believe
testing combination (do not group chair rails, that they have a different painting history. In most
crown molding or walls with baseboards) cases, separate testing will not be necessary.

Painted electrical sockets, switches or plates
can be grouped with walls
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Table 7.1: Examplesof Interior and Exterior Building Component Types

Commonly Encountered Interior Painted Components That Should Be

Tested Include:
Air Conditioners Fireplaces
Balustrades Floors
Baseboards Handrails
Bathroom Vanities Newel Posts
Beams Other Heating Units
Cabinets Radiators
Ceilings Shelf Supports
Chair Rails Shelves
Columns Stair Stringers
Counter Tops Stair Treads and Risers
Crown Molding Stools and Aprons
Doorsand Trims Walls
Painted Electrical Fixtures Window Sashes and Trim

Exterior Painted Components That Should Be Tested Include:

Air Conditioners Handrails
Balustrades L attice Work
Bulkheads Mailboxes
Ceilings Painted Roofing
Chimneys Railing Caps
Columns Rake Boards
Corner boards Sashes
Doorsand Trim Siding

Fascias Soffits

Floors Stair Risersand Treads
Guitters and Downspouts Stair Stringers

Joists

Window and Trim

[Othe Exterir Pained Componentindude |

Other Exterior Painted Components|nclude:

Fences

Storage Sheds & Garages

|_| Laundry Line Posts
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Table 7.2 provides six examples of different testing
combinations. The first example is awooden bedroom
door. Thisisatesting combination becauseitis
described by aroom equivaent (bedroom), component
(door), and substrate (wood). If one of these variables
is different for another component, that component is
adifferent testing combination. For example, if a
second door in the room equivalent is metal, two
testing combinations, not one, would be present.

For doors separating rooms, each side of the door is
assigned to the room equivaent it faces and istested
separately. The sameistrue of door casings. For
prefabricated metal doors whereit is apparent that
both sides of the door have the same painting history,
only one side needs to be tested.

Table 7.2: Examples of Digtinct Testing Combinations

Room Equivalent Building Component Substrate
Master Bedroom (Room 5) Door Wood
Master Bedroom (Room 5) Door Metal
Kitchen (Room 3) Wwall Plaster
Garage (Room 10) Floor Concrete
Exterior Siding Wood
Exterior Swing set Metal

Building Component Types - A building component
type consists of doors, windows, walls, and so on that
are repeated in more than one room equivalent in a
unit and have a common substrate. If aunique
building component is present in only oneroom, it is
considered to be atesting combination. Each testing
combination may be composed of more than one
building component (such astwo similar windows
within aroom equivaent). Component types can be
located inside or outside the dwelling. For example,
typical component typesin a bedroom would be the
ceiling, walls, adoor and its casing, the window sash,
window casings, and any other distinct surface, such
as baseboards, crown molding, and chair rails. If
trends or patterns of lead-based paint classifications
are found among building component typesin
different room equivaents, an inspection report may
summarize results by building component type, as
long as al measurements are included in the report.
For example, the inspection may find that all doors
and door casingsin adwelling unit are positive.

Test Location - Thetest location is a specific areaon a
testing combination where either an XRF reading or a
paint-chip sample will be taken.
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LV. Inspections in Single-Family Housing

Single-family housing inspections should be
conducted by a State- or EPA-certified (licensed) lead-
based paint inspector using the following seven steps,
some of which may be done at the sametime:

. List all testing combinations, including those
that are painted, stained, shellacked,
varnished, coated, or wallpaper which covers
painted surfaces.

. Select testing combinations.

. Perform X RF testing (including the
calibration check readings).

. Callect and analyze paint-chip samples for

testing combinations that cannot be tested
with XRF or that had inconclusive XRF

results.

. Classify XRF and paint-chip results.

. Evaluate the work and resultsto ensure the
quality of the paint inspection.

. Document all findingsin a plain language

summary and a complete report; include
language in both the summary and the report
indicating that the information must be
disclosed to tenants and prospective
purchasersin accordance with Federal law (24
CFR part 35 or 40 CFR part 745).



A. Listing Testing Combinations

Develop alist of all testing combinationsin all interior
rooms, on all exterior building surfaces, and on
surfacesin other exterior areas, such as fences,
playground equipment, and garages. The
"Single-Family Housing LBP Testing Data Sheet" (see
Form 7.1 at the end of this chapter) or acomparable
data collection instrument may be used for this
purpose. Aninventory of ahouse may be completed
either before any testing or on aroom-by-room basis
during testing.

1 Number of Room Equivalentsto
I nspect

Test all room equivalentsinside and outside the
dwdlling unit. The final report must include afinal
determination of the presence or absence of lead-based
paint on each testing combination in each room
equivalent.

For varnished, stained, or similar clear-coated floors,
measurementsin only one room equivaent are
permissibleif it appears that the floorsin the other
room equivaents have the same coating.

2. Number of Testing Combinations
to Ingpect

Inspect each testing combination in each room
equivalent, unless similar building component types
with identical substrates (such as windows) are all
found to contain lead-based paint in the first five
interior room equivalents. In that case, testing of that
component type in the remaining room equivalents
may be discontinued, if and only if the purchaser of
the inspection services agrees beforehand to such a
discontinuation. The inspector should then conclude
that similar building component types in the rest of the
dwelling unit also contain lead-based paint. Seeitem 6
entitled, "Conditions for Abbreviation of Testing,"
later in this section for additional details.

Becauseit is highly unlikely that testing combinations
known (and not just presumed) to have been replaced
or added to the building after 1977 will contain
lead-based paint, they need not be tested. If the age of
the testing combination isin doubt, it should be tested.
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Some testing combinations have multiple parts. For
example, awindow testing combination could
theoretically be broken down into the interior sill
(stool), exterior sill, trough, sash, apron, parting bead,
stop bead, casing, and so on. Becauseitishighly
unlikely that all these parts will have different painting
histories, they should not usually be considered
separate testing combinations. (Inspectors should
regard parts of building components as separate
testing combinations if they have evidence that
different parts have separate, distinct painting
histories). Seethe definition of testing combination
(Section |11, above) for guidance on which building
component parts may and which may not be grouped
together.

3. Painted Furniture

Painted furniture that is physically attached to the unit
(for example, adesk or dresser that is built-in) should
be included in the inspection as a testing combination.
Other painted furniture may also be tested, depending
on the client'swishes. Children's furniture (such as
cribs or playpens), especialy if built before 1978, may
contain lead-based paint and can be tested, subject to
the client'swishes.

4, Building Component Types

Results of an inspection may be summarized by
classifying component types across room equivalents
if patterns or trends are supported by the data.

5. Substrates

All substrates across all room equivalents should be
grouped into one of the six substrate categories (brick,
concrete, drywall, metal, plaster, or wood) shown on
the XRF Performance Characteristic Sheet for the
instrument being used. Substrate correction
procedures can then be applied for all building
component types with the same substrate. For
example, the substrate correction procedure for
wooden doors and wooden baseboards can use the
same substrate correction value (see Section IV .E,
below).

0. Conditionsfor Abbreviation of
Testing

If lead-based paint is determined to be present (a
"positive” finding) for a building component type with



the same substrate in al of the first five room
equivalents inspected, further testing of that
component type may be discontinued in the remaining
room equivalents within that dwelling unit, if and only
if the purchaser of inspection services agrees
beforehand to such a discontinuation. The inspector
should then conclude that the similar building
component typesin the rest of the dwelling unit also
contain lead-based paint. For example, if an inspector
finds that baseboardsin the first five room equivalents
are al positive, the inspector -- with the client's
permission -- may conclude that al remaining room
equivalentsin the unit contain positive baseboards.

B. Number and L ocation of XRF Readings

1 Number of XRF Readingsfor Each
Testing Combination

XRF testing is required for at least one location per
testing combination, except for interior and exterior
walls, where four readings should be taken, one on
each wall. Previous editions of this chapter stated that
three readings for each testing combination were
needed to control for spatial variation and other
sources of error. Recent analysis® of EPA datashow a
median difference in spatial variation of only

0.1 mg/cm? and a change in classification (positive,
negative, or inconclusive) occurs lessthan 5 percent of
thetime as aresult of different test locations on the
same testing combination. Multiple readings on the
same testing combination or testing location are,
therefore, unnecessary, except for interior and exterior
walls.

Because of the large surface areas and quantities of
paint involved, and the possibility of increased spatial
variation, take at least four readings (one reading on
each wall) in each room equivalent. (For room
equivalents with fewer than four walls, test each wall.)
For each set of walls with the same painting history in
aroom equivalent, test the four largest walls. Classify
each wall based onitsindividual XRF reading. If a
room equivalent has more than four walls, calculate
the average of the readings, round the result to the
same number of decimal places as the X RF instrument
displays, and classify the remaining walls with the
same painting history as the tested walls, based on this
rounded average. When the remaining wallsin aroom
equivalent clearly do not have the same painting
history as that of the tested walls, test and classify the
remaining wallsindividually. For exterior walls, select
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at least four sides and average the readings (rounding
the result as described above) to obtain aresult for any
remaining sides. If there are more than four walls and
the results of the tested walls do not follow a
classification pattern (for example, oneis positive and
the other three are negative), test each wall
individually.

2. L ocation of XRF Readings

The sdlection of the test location for a specific testing
combination should be representative of the paint over
the areas which are most likely to be coated with old
paint or other lead-based coatings. Thus, locations
where the paint appears to be thickest should be
selected. Locations where paint has worn away or
been scraped off should not be selected. Areas over
pipes, eectrical surfaces, nails, and other possible
interferences should also be avoided if possible. Al
layers of paint should be included and the X RF probe
faceplate should be able to lie flat againgt the surface
of the test location.

If no acceptable location for X RF testing exists for a
given testing combination, a paint-chip sample should
be collected. The sample should include all paint
layers and should be taken as unobtrusively as
possible. Because paint chip sampling is destructive,
asingle sample may be collected from awall and used
to characterize the other wallsin aroom equivalent
(see section VI for additional details on paint chip
sampling).

3. Documentation of XRF Reading
L ocations

Descriptions of testing combinations should be
sufficiently detailed to permit another individual to
find them. Whileit is not necessary to document the
exact spot or the exact building component on which
the reading was taken, it is necessary to record the
exact testing combination measured. Current room
uses or colors can change and should not be the only
way of identifying them. A numbering system, floor
plan, sketch or other system may be used to document
which testing combinations were tested. While HUD
does not require a standard identification system, one
that could be used is asfollows:



a. Sideidentification

Identify perimeter wall sideswith letters A, B, C, and
D (or numbers or Roman numerals). Side A for
single-family housing isthe street side for the address.
Side A in multifamily housing is the apartment entry
door side.

Side B, C, and D areidentified clockwise from Side A
as one faces the dwelling; thus Wall B isto the l€ft,
Wall Cisacrossfrom Side A, and Side D isto the
right of Side A.

Each room equivalent's side identification follows the
scheme for the whole housing unit. Because aroom
can have two or more entries, sides should not be
allocated based on the entry point. For example,
giving acloset aside allocation based on how the
room is entered would make it difficult for another
person to make an easy identification, especialy if the
room had two closets and two entryways.

b. Room Equivalent
I dentification

Room equivalents should be identified by both a
number and a use pattern (for example, Room 5-
Kitchen). Room 1 can always be the first room, at the
A-D junction at the entryway, or it can be the exterior.
Rooms are consecutively numbered clockwise. |f
multiple closets exist, they are given the side
allocation: for example, Room 3, Side C Closet. The
exterior is always assigned a separate room equivalent
identifier.

C. Sidesin a Room

Sidesin an interior room equivalent follow the overal
housing unit side allocation. Therefore, when standing
in any four-sided room facing Side C, theroom's Side
A will aways beto therear, Side B will be to the left,
and Side D will be to theright.

d. Building Component
I dentification

Individual building components are first identified by
their room number and side allocation (for example,
theradiator in Room 1, Side B iseasily identified). If
multiple similar component types are in aroom (for
example, three windows), they are differentiated from
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each other by side allocation. If multiple components
are on the same wall side, they are differentiated by
being numbered |€ft to right when facing the
components. For example, three windows on Wall D
areidentified aswindows D1, D2, and D3, left to
right. If window D3 hasthe only old original sash, it
is considered a separate testing combination from the
other two windows.

A sketch of the dwelling unit's floor planis often
helpful, but is not required by this protocol. Whatever
documentation is used, a description of the room
equivalent and testing combination identification
system must be included in the final inspection report.

C. XRF Ingrument Reading Time

The recommended time to open an XRF instrument's
shutter to obtain asingle XRF result for atesting
location depends on the specific X RF instrument
mode and the mode in which theinstrument is
operating. The XRF Performance Characteristic
Sheet providesinformation on thisissue.

To ensure that a constant amount of radiation is
delivered to the painted surface, the open-shutter time
must be increased as the source ages and the radiation
source weakens. Almost al commercialy available
XRF instruments automatically adjust for the age of
the source. (Some instruments adjust for source decay
in some but not all modes; operators should check
with the manufacturers of their instrumentsto
determine whether these differences need to be
accommodated). The following formula should be
employed for instruments requiring manual adjustment
of the open-shutter time:

Open-Shutter Time = 2*9HaHite) x Nominal Time
where:

Ageisthe age (in days) of the radioactive
source, starting from the date the
manufacturer says the source had its full
radiation strength;

Half-lifeisthetime (in days) it takesfor the
radioactive materid's activity to decrease to
one-half itsinitia level; and

Nominal Time is the recommended nominal
number of seconds for open-shutter time,



when the source is at its full radiation
strength, and is obtained from the
XRF Performance Characteristic
Shest.

For example, if the age of the source isequal to its
half-life, the open-shutter time should be twice the
nomina time. Thus, if the recommended nomina time
is 15 seconds, the open-shutter time should be doubled
to 30 seconds.

XRFstypically use Cobalt-57 (with a half life of 270
days) or Cadmium-109 (with a half life of 464 days).

XRF Performance Characteristic Sheetstypicaly
report different inconclusive ranges or thresholds (see
section |V.G, below) for different nominal timesand
different substrates. This may affect the number of
paint-chip samples that must be collected aswell as
the length of time required for the inspection. Some
XRF devices have different modes of operation with
different nominal reading times. Inspectors must use
the appropriate inconclusive ranges and other criteria
specified on the XRF Performance Characteristic
Sheet for each XRF model, mode of operation and
substrate. For example, inconclusive ranges specified
for a 30-second nominal reading cannot be used for a
5-second nominal reading, even for the same
instrument and the same substrate.

D. XRF Calibration Check Readings

In addition to the manufacturer's recommended warm
up and quality control procedures, the X RF operator
should take the quality control readings recommended
below, unless these are | ess stringent than the
manufacturer's instructions. Quality control for XRF
instruments involves readings to check calibration.
Most X RFs cannot be calibrated on-site; actual
calibration can only be accomplished in the factory.

1 Frequency and Number of
Calibration Checks

For each XRF instrument, two sets of XRF calibration
check readings are recommended at least every 4
hours. Thefirstisaset of three nominal-time XRF
calibration check readings to be taken before the
inspection begins. The second occurs either after the
day's inspection work has been completed, or at least
every 4 hours, whichever occursfirst. To reduce the
amount of data that would be lost if the instrument
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wereto go out of calibration between checks, and/or if
the manufacturer recommends more frequent
calibration checks, the calibration check can be
repeated more frequently than every 4 hours. If the
XRF manufacturer recommends more frequent
calibration checks, the manufacturer's instructions
should be followed. Calibration should also be
checked before the XRF isturned off (for example, to
replace a battery or before alunch break) and after it is
turned on again. For example, if an inspection of a
large house took 6 hours, there would be three
calibration checks: one at the beginning of the
inspection, another after 4 hours, and athird at the end
of the inspection.

If the XRF is not turned off as the inspector travels
from one dwelling unit to the next, calibration checks
do not need to be done after each dwelling unit is
completed. For example, in multifamily housing,
calibration checks do not need to be done after each
dwelling unit isinspected; once every 4 hoursis
usualy adequate.

Some instruments automatically enter a"deep” or
"off" state when not being used continually to prolong
battery life. Itisnot necessary to perform a
calibration check before and after each "deep” state
episode, unless the manufacturer recommends
otherwise.

2. Calibration Check Standard
Materials

XREF calibration check readings are taken on the
Standard Reference Material (SRM) paint film nearest
to 1.0 mg/cm?2 within the National Ingtitute of
Standards and Technology (NIST) SRM used. These
films can be obtained by calling (301) 975-6776 and
referencing SRM 2579 (NIST is planning to release
additional seriesof paint filmsin late 1997 or early
1998; the film nearest to 1.0 mg/cm? should be used
for XRF calibration checks). The cost as of
September 26, 1997, for the SRM 2579 set of five
films, was $320, including 2-day delivery. Calibration
checks should be taken through the SRM paint film
with the film positioned at least 1 foot (0.3 meters)
away from any potential source of lead. The NIST
SRM film should not be placed on atool box, suitcase,
or surface coated with paint, shellac, or any other
coating to take calibration check readings. Rather, the
NIST SRM film should be attached to asolid (not
plywood) wooden board or other nonmetal rigid



substrate such as drywall, or attached directly to the
XRF probe. The SRM should be positioned so that
readings of it are taken when it is more than 1 foot

(0.3 meters) away from a potential source of error.

For example, the NIST SRM film can be placed on top
of a1 foot (0.3 meter) thick piece of Styrofoam or
other lead-free material, as recommended by the
manufacturer before taking readings.

3. Recording and I nterpreting
Calibration Check Readings

Each time calibration check readings are made, three
readings should be taken. These readings should be
taken using the nominal time which will be used
during the inspection, selected from among those
specified in the XRF's Performance Characteristic
Sheet. The open shutter time should be adjusted, if
necessary, to reflect the age of the radioactive source
(seesection IV.C, above). The readings can be
recorded on the "Calibration Check Test Results' form
(Form 7.2), on a comparable form, or stored in the
instrument's memory, and printed out or transferred to
acomputer later. The average of the three calibration
check readings should be calculated, rounded to the
same number of decimal places as the X RF instrument
displays, and recorded on the form.

Large deviations from the NIST SRM value will aert
the inspector to problems in the instrument's
performance. If the observed calibration check
averageis outside of the acceptable calibration check
tolerance range specified in the instrument's XRF
Performance Characteristic Sheet, the manufacturer's
instructions should be followed to bring the instrument
back into control. A successful calibration check
should be obtained before additional XRF testing is
conducted. Readings not accompanied by successful
calibration checks at the beginning and end of the
testing period are unreliable and should be repeated
after a successful calibration check has been made. If
abackup XRF instrument is used as a replacement, it
must successfully passtheinitial calibration check test
before retesting the affected test locations.

This procedure assumes that the HUD/EPA |ead-
based paint standard of 1.0 mg/cm2 is being used. If a
different standard is being used, other NIST SRMs
should be used to determine instrument performance
against the different standard. At thistime, however,
no method for determining performance characteristics
using different standards has been devel oped.

1997 Revision

7-13

E. Substrate Correction

XRF readings are sometimes subject to systematic
biases as aresult of interference from substrate
material beneath the paint. The magnitude and
direction of bias depends on the substrate, the specific
XRF instrument being used, and other factors such as
temperature and humidity. Results can be biased in
either the positive or negative direction and may be
quite high.

1. When Substrate Correction |s Not
Required

Some XRF instruments do not need to have their
readings corrected for substrate bias. Other
instruments may only need to apply substrate
correction procedures on specific substrates and/or
when XRF results are below a specific value. The
XRF Performance Characteristic Sheet should be
consulted to determine the requirements for a specific
instrument and each mode of operation (e.g., nominal
time, or time required for intended precision). XRF
instruments which do not require correction for any
substrate, or require corrections on only afew
substrates, have an advantage in that they simplify and
shorten the inspection process.



2. Substrate Correction Procedure

XREF results are corrected for substrate bias by
subtracting a correction value determined separately in
each house for each type of substrate where lead paint
values are in the substrate correction range indicated
on the XRF Performance Characteristic Sheet. In
single-family housing, the substrate correction value is
determined using the specific instrument(s) used in
that house. The correction value (formerly called
"Substrate Equivalent Lead" or "SEL") isan average
of six XRF readings, with three taken from each of
two test locations that have been scraped visually
clean of their paint coating. The locations selected for
removal of paint should have an initial XRF reading
on the painted surface of lessthan 2.5 mg/cn?, if
possible. If all initial readings on a substrate type are
greater than 2.5 mg/cm?, the locations with the lowest
initial reading should be chosen. Because available
dataindicate that surfaces with XRF readingsin
excess of about 3.0 mg/cm? or 4.0 mg/cm? are almost
always coated with |ead-based paint, and since bleed-
through of lead into the substrate may occur, or pipes
and similarly interfering building components may be
behind the material being evaluated, locations with
such high readings should be avoided for substrate
correction.

After all XRF testing has been completed but before
the final calibration check test has been conducted,
XREF results for each substrate type should be
reviewed. If any readingsfall within the range for
substrate correction for a particular substrate, obtain
the substrate correction value.

On each selected substrate requiring correction, two
different testing combinations must be chosen for
paint removal and testing. For example, if the
readings are inconclusive for some wooden
baseboards, sdlect two baseboards, each from a
different room. If some wooden doors also require
substrate correction, the inspector should take
substrate correction readings on one door and one
baseboard. Selecting the precise location of substrate
correction should be based on the inspector's ability to
remove paint thoroughly from the substrates, the
similarity of the substrates, and their accessibility.
The XRF probe faceplate must be able to be placed
over the scraped area, which should be completdly free
of paint or other coatings.
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The size of the areafrom which paint is taken depends
on the size of the analytical area of the XRF probe
faceplate; normally, the areaiis specified by the
manufacturer. To ensure that no paint isincluded in
the bare substrate measurement, the bare area on the
substrate should be dightly larger than the analytical
area on the XRF probe faceplate.

In all, six readings must be taken for each substrate
type that requires correction. All six must be averaged
together. Take three readings on the first bare
substrate area. Record the substrate and XRF
readings on the "Substrate Correction Vaues' form
(Form 7.3) or acomparable form. Repeat this
procedure for the second bare substrate area and
record the three readings on the same form. Substrate
correction values should be determined using the same
instrument used to take readings on the painted
surfaces. If more than one XRF model was used to
take readings, apply the substrate correction values as
specified on each instrument's XRF Performance
Characteristic Sheet.

Compute the correction value for each substrate type
that requires correction by computing the average of
all six readings as shown below and recording the
results on the "Substrate Correction Vaues' form.
The formula given below should be used to compute
the substrate bias correction value for X RF readings
taken on a bare substrate that is not covered with
NIST SRM film. A different formula should be used
when SRM film must be placed over the bare
substrate. The XRF Performance Characteristic
Sheet specifies when this correction is necessary and
provides the formulafor computing the correction
value.

For each substrate type requiring substrate correction,
transfer the correction values to the " Single-Family
Housing LBP Testing Data Sheet" (Form 7.1).
Correct XRF readings for substrate interference by
subtracting the correction value from each XRF
reading.

Example: Suppose that a house has 50 testing
combinations with wood substrates. The XRF
Performance Characteristic Sheet statesthat a
correction value for X RF results taken on those wood
testing combinations that have values less than

4.0 mg/cm? must be computed. Select two test
locations from the testing combinations that had
uncorrected X RF results of lessthan 2.5 mg/cm2



Completely remove the paint from these two test
locations and take three nominal-time X RF readings

on the bare substrate at each location. The six XRF
readings at the two random locations are;

Selected Reading (mg/cm?)
L ocation First Second Third
Wood Master 1.32 0.91 1.14
Bedroom Door
Kitchen Wood 121 1.03 1.43
Baseboard (Room 4)

The correction value is the average of the six values:

Correctionvaue= (1.32+091+1.14+1.21 +1.03+ 1.43) mg/cm?/ 6 = 1.17 mg/cm?

In this same house, three different wood testing 3. Negative Values

combinations were inspected for lead-based paint and
the XRF results are: 1.63 mg/cmz, 3.19 mg/cmz, and
1.14 mg/cm?2. Correcting these three XRF
measurements for substrate bias produces the
following resullts:
Firgt corrected measurement =

1.63 mg/cm? - 1.17 mg/lcm2 = 0.46 mg/cm?

Second corrected measurement =
3.19 mg/cm2 - 1.17 mg/cm2 = 2.02 mg/cm?

Third corrected measurement =
1.14 mg/cm? - 1.17 mg/cm? =-0.03 mg/cm?

The third corrected result shown aboveis an example
of how random error in X RF measurements can cause
the corrected result to be less than zero. (Random
measurement error is present whenever
measurements are taken). Note that correction values
can be either positive or negative. In short, negative
corrected X RF values should be reported if supported
by the data.

Finaly, suppose an XRF result of 1.24 mg/cm? has a
correction value of negative 0.41 mg/cmz.
Subtracting a negative number is the same as adding
its positive value. Therefore, the corrected
measurement would be:

Corrected result = 1.24 mg/cm? - (-0.41 mg/cm?) =
1.24 mg/cm? + 0.41 mg/cm?2 = 1.65 mg/cm?
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If more than 20 percent of the corrected values are
negative, the instrument's lead paint readings and/or the
substrate readings are probably in error. Calibration
should be checked and substrate measurements should
be repeated.

F. Discarding Readings

If the manufacturer'sinstructions call for the deletion of
readings at specific times, only readings taken at those
specific times should be deleted. Similarly, readings
between a successful caibration check and a
subsequent unsuccessful calibration check must be

discarded. Readings should not be deleted based on
any criteria other than what is specified by the
manufacturer'sinstructions or the HUD Guidelines.
For example, a manufacturer may instruct operators to
discard the first XRF reading after a substrate change.
If so, only thefirst reading should be discarded after a
substrate change.

G. Classification of XRF Results

XREF results are classified as positive, negative, or
inconclusive.

A positive classification indicates that lead is present
on the testing combination at or above the HUD/EPA
standard of 1.0 mg/cm2. A positive XRF result isany



value greater than the upper bound of the
inconclusive range, or greater than or equal to the
threshold, as specified on the applicable XRF
Performance Characteristic Sheet.

A negative classification indicates that lead is not
present on the testing combination at or above the
HUD/EPA standard. A negative XRF result is any
value less than the lower bound of theinconclusive
range, or less than the threshold, specified on the
performance characteristic sheet.

An inconclusive classification indicates that the XRF
cannot determine with reasonable certainty whether
lead is present on the testing combination at or above
the HUD/EPA standard. An inconclusive XRF result
is any value falling within the inconclusive range on
the performance characteristic sheet (including the
boundary values defining the range). In single-family
housing, al inconclusive results should be confirmed
by laboratory analysis, unless the client wishesto
assume that all inconclusive results are positive.

Positive, negative, and inconclusive results apply to
the actual testing combination and to any repetitions
of the testing combination that were not tested in the
room equivalents. Positive results also apply to
similar component typesin room equivalents that
were not tested. For example, suppose that one
baseboard in aroom equivaent is tested, and that the
inspector decided that all four baseboards are asingle
testing combination. The single X RF result applies
to all four baseboards in that room equivalent.

When an inconclusive rangeis specified on the XRF
Performance Characteristic Sheet, XRF results are
classified as positive if they are greater than the
upper boundary of the inconclusive range, negative if
they are less than the lower boundary of the
inconclusive range, or inconclusive if in between.
The inconclusive range on the XRF Performance
Characteristic Sheets in Addendum 3 of these
Guiddlinesincludesits upper and lower bounds.
Earlier editions of thisguide and earlier XRF
Performance Characteristic Sheets did not include
the bounds of the inconclusive range as
"inconclusive." This 1997 edition of Chapter 7 of the
HUD Guidelines changes that system, but the
specific XRF readings that are considered positive,
negative, or inconclusive for agiven XRF modd and
substrate remain unchanged, so previous inspection
results are not affected.
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For example, if the inconclusive range given in the XRF
Performance Characteristic Sheet is 0.51 mg/cm? to
1.49 mg/cm?, an XRF result of 0.50 mg/cm?is
considered negative, because it islessthan 0.51; a
result of 0.6 mg/cm?2 isinconclusive; and aresult of

1.5 mg/cm?ispositive. A result of 0.51 mg/cmz,

1.00 mg/cmz, or 1.49 mg/cm?2 would be inconclusive.

Different XRF models have different inconclusive
ranges, depending on the specific XRF model and the
mode of operation. Theinconclusive range may also be
substrate-specific.

In some cases, the upper and lower limits of the
inconclusive range are equal; that value is called the
threshold. If thereading isless than the threshold, then
thereading is considered negative. If thereadingis
equal to or greater than the threshold, then the reading
is considered positive.

Use of the inconclusive range and threshold is detailed
in the performance characteristic sheet. The categories
include substrate-corrected results, if substrate
correction isindicated. XRF'swith only threshold
valueslisted on the XRF Performance Characteristic
Sheet are advantageous in that classifications of results
are either positive or negative (no XRF readings are
inconclusive).

H. Evaluation of the Quality of the Inspection

The person responsible for purchasing inspection
sarvices -- the homeowner, property owner, housing
authority, prospective buyer, occupant, etc.; also known
asthe client -- should evaluate the quality of the work
using one or more of the methods listed below.
Evaluation methods include direct observation,
immediate provision of results, repeated testing, and
time-and-mation analysis. Direct observation of the
inspection should be used whenever possible. The
inspection contract should outline the financial
penalties that will occur if an inspector failsto perform
as contracted during any visit.

1. Direct Observation

An evaluation of alead-based paint inspection is best
made if a knowledgeable observer is present for as
much of the XRF testing as possible. Thisisthe only
way to ensure that all painted, varnished, shellacked,
wallpapered, stained, or other coated testing
combinations are actually tested, and that all XRF



readings are recorded correctly. If possible, employ
as the observer someone who is trained in lead-based
paint inspection and who is independent of the
inspection firm.

If it isnot feasible for the client or the client's
representative to be present throughout the
inspection, that person should conduct unannounced
and unpredictable visits to observe the inspection
process. The number of unannounced visits will
depend on the results of prior visits. When observing
ongoing XRF testing, review the test results for the
room equivalent currently being tested and for the
previoudly inspected room equivalent. Evenif the
first visitisfully satisfactory, follow-up visits should
be conducted throughout the inspection.

2. Immediate Provision of Results

The client, or arepresentative, should ask the
inspector to provide copies or printouts of results on
completed data formsimmediately following the
completion of the ingpection or on adaily basis.
Alternatively, visualy review the inspector's written
results to ensure that they are properly recorded for
all surfacesthat require XRF testing. If surfaces
have been overlooked or recorded incorrectly, the
inspection process should be stopped and considered
deficient. Clients should retain daily results to ensure
that the datain the final report are the same asthe
data collected in the home.

3. Repeated Testing of 10 Surfaces

Data from HUD's private housing |ead-based paint
hazard control program show that it is possible to
successfully retest painted surfaces without knowing
the exact spot which was tested.

Select 10 testing combinations at random from the
already compiled list in the "Single-Family Housing
LBP Testing Data Sheet" for retesting (see formsin
Addendum 2 of this chapter). Observe the inspector
during theretesting. If possible, the same XRF
instrument used in the original inspection should be
used in the retesting. If the XRF instrument used in
the original inspection is not available and cannot be
returned to the site, use an X RF of the same model
for retesting. Use the same procedures to retest the 10
testing combinations. The 10 repeat X RF results
should be compared with the 10 XRF results
previously made on the same testing combinations.
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The repeat readings and the original readings should
not be corrected for substrate bias for the purpose of
this comparison. The average of the 10 repeat XRF
results should not differ from the 10 original XRF
results by more than the retest tolerance limit. The
procedure for calculating the retest tolerance limit is
specified in the XRF Performance Characteristic
Sheet. If thelimit is exceeded, the procedure should be
repeated using 10 different testing combinations. If the
retest tolerance limit is exceeded again, the origina
inspection is considered deficient.

4, Time-and-Motion Analysis

Anyone who contracts for alead-based paint inspection
can aso perform asimple check to determineif the
inspector had sufficient time to complete the number of
housing units reported as being tested in thetime
allotted. Usually, inspectionsrequire at least 1 to 2
hours per unit using existing technology. If the
inspector's on-site time is significantly less than that,
further investigation should be conducted to determine
if the inspector actually completed the work in the
report.

I Documentation in Single-Family Housing
1 Data Forms

Data can be recorded on hand written forms,
electronically, or by acombination of these two
methods. X RF readings can be entered on handwritten
forms, such asthe set of forms (7.1, 7.1A, 7.2, and 7.3)
provided at the end of this chapter (or comparable
forms). Because handwriting can result in transcription
errors, handwritten forms should be examined for
missing data and copying errors.

2. Electronic Data Storage

Electronic data storage is recommended only if the data
recorded are sufficient to allow another person to find
the testing combination that corresponds to each XRF
reading. Electronically stored data should be printed in
hard copy either daily or at the completion of the
inspection. The printout should be examined for
extraneous symbols or missing data, including missing
test location identification. In most cases, € ectronic
data storage is supplemented by manual datarecording
of sampling location, operator name, and other
information.



3. Final Report

Thefinal report must include both a summary and
complete information about the site, the inspector, the
inspection firm, the inspection process, and the
inspection results. The full report should include a
complete data set, including:

. Housing unit identifiers;
. Date of the inspection;
. Identity of the inspector and the inspection

firm and any relevant certifications or
licenses held by the inspector and/or the

firm;

. Building component and room equivaent
identification or numbering system or
sketches;

. All XRF readings (including calibration
check readings);

. All paint chip analyses;

. Testing protocol used;

. Instrument manufacturer, model, serial

number, mode(s) of operation and age of
radioactive source;

. Information on the owner's legal obligation
to disclose the inspection results to tenants
and/or purchasers before obligation under 24
CFR part 35 and 40 CFR part 745
(published in the Federal Register, Volume
61, Number 45, March 6, 1996, starting on
p. 9064; copies of the regulations and related
materials can be obtained from the National
Lead Information Center Clearinghouse,
1-800-424-LEAD); and

. Final classification of all testing
combinations into positive or negative
categories, including alist of testing
combinations, or building component types
and their substrates, that were classified but
not individually tested. (Note that the final
report should not list inconclusive readings
asathird category. If theclient wishesto
assume all inconclusive readings are
positive, the report should state that
assumption and present all readings and
testing combinations for which the readings
wereinconclusive. It is not permissible to
assume all inconclusive readings are
negative. The report should include the
actual readings for any testing
combinations for which readings were
inconclusive, but were classified as
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positive. Also note that final classifications
are needed for building component types and
their substrates that were not actually tested.
For example, if the client wants to suspend
testing on testing combinations that were
found to be positive in thefirst five room
eguivalents and are assumed to be positivein
the remaining rooms, the final report should
list those testing combinations that are
assumed to be positive).

The report should also contain a summary that answers
two questions:

(2) Isthere lead-based paint in the house? and
(2) if lead-based paint is present, whereisit located?

The summary report should also include the house
address where the ingpection was performed, the date(s)
of the inspection, the name, address and phone numbers
of the inspector and inspection firm, any appropriate
license or certification numbers, and the starting and
ending times for each day when XRF testing was done.
The summary should also contain language regarding
disclosure, such as:

"A copy of this summary must be provided to
new lessees (tenants) and purchasers of this
property under Federal law (24 CFR part 35
and 40 CFR part 745) before they become
obligated under alease or sales contract. The
complete report must also be provided to new
purchasers and it must be made available to
new tenants. Landlords (lessors) and sdllers
are also required to distribute an educational
pamphlet and include standard warning
language in their leases or sales contractsto
ensure that parents have the information they
need to protect their children from lead-based
paint hazards."

Although 24 CFR part 35 and 40 CFR part 745 do not
require that inspectors and owners keep copies of
inspection reports for any specified period of time,
future buyers are entitled to all available inspection
reports, should the property be re-sold.

If no lead-based paint has been detected in the house,
the summary should say so. The following language
may be used:



"The results of thisinspection indicate that no
lead in amounts greater than or equal to

1.0 mg/cm? in paint was found on any
building components, using the inspection
protocol in Chapter 7 of the HUD
Guidelines for the Evaluation and Control
of Lead-Based Paint Hazards in Housing
(1997). Therefore, this dwelling qualifies
for the exemptionin 24 CFR part 35 and 40
CFR part 745 for target housing being leased
that isfree of lead-based paint, as defined in
therule. However, some painted surfaces
may contain levels of lead below 1.0 mg/cm?,
which could create lead dust or lead-
contaminated soil hazardsif the paint is
turned into dust by abrasion, scraping, or
sanding. Thisreport should be kept by the
inspector and should also be kept by the
owner and all future ownersfor the life of the
dwelling."

Detailed documentation of the X RF testing should
also be provided in the full report, including the raw
data upon which it was based. The single-family
housing forms provided at the end of this chapter or
comparable forms would serve this purpose.

For aleased home, where no lead-based paint is
identified during an inspection, the building owner is
exempt from the requirements of the disclosure rule.
However, when a housing unit with no lead-based
paint is being sold, the owner still has responsibilities
under the disclosure rule (e.g., providing alead
hazard information pamphlet to potential buyers).
For selling and leasing properties where no lead-
based paint isidentified, it is strongly recommended
that owners and inspectors retain inspection reports
for the life of the building.

V. I nspections in Multifamily Housing

This section emphasi zes the differences between
single-family and multifamily housing paint
inspections. The protocols mentioned in earlier
sections are not repeated here. It will be necessary to
read Section IV on single-family housing to
implement the protocol for multifamily housing.

Use of the multifamily protocol isless
time-consuming and more cost effective than
inspecting all unitsin a given housing devel opment or
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building because in most instances a pattern can be
determined after inspecting a fraction of the units. The
number of unitstested is based on the date of
congtruction and the number of unitsin the housing
development.

For purposes of this chapter only, multifamily housing
is defined as any group of unitsthat are similar in
construction from unit to unit, with:

. 21 or more units, if any were built before 1960
or are of unknown age, or

. 10 or more units, if they were all built from
1960 through 1977.

Developments with fewer units should be treated as a
series of single-family housing units.

A. Statistical Confidencein Dwdling Unit
Sampling

The number of similar units, ssimilar common areas or
exterior sitesto be tested (the sample size) is based on
the total number units, similar common areas or
exterior sitesin the building(s), as specified in Table
7.3. Usethetable for sasmpling each set of similar
units, each set of similar common areas and each set of
exterior sites. For pre-1960 or unknown-age buildings
or developments with 1,040 or more similar units,
similar common areas or exterior sites, test 5.8 percent
of them, and round up any fraction to the next whole
number. For 1960-77 buildings or developments with
1,000 or more units, test 2.9 percent of the units, and
round up any fraction to the next whole number. For
reference, the table shows entries from 1500 to 4000 in
steps of 500. For example, in adevelopment built in
1962, with 200 similar units, 20 similar common aresas,
and 9 similar exterior sites, sample 27 units, 16
common areas, and all 9 exterior sites.

If lead levelsin all units, common areas or exterior
sites tested are found to be bel ow the 1.0 mg/cnm?
standard, these sample sizes provide 95 percent
confidence that:

. For pre-1960 housing units, lessthan 5 percent
or fewer than 50 (whichever isless) units,
common areas or exterior sites, have lead at or
above the standard; and

. For 1960 to 1977 housing units, less than 10
percent or fewer than 50 (whichever isless)
units, common areas or exterior sites, have lead
at or above the standard.



Refer to Appendix 12 of these Guidelinesfor the housing, except for using the 10 percent criterion for
statistical rationale for thistable. The Appendix 1960-1977 housing, rather than the 5 percent used for

shows the details of the calculation for pre-1960 older housing.®
housing; the calculation isthe same for 1960-1977
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Table7.3: Number of Unitsto be Tested in Multifamily Developments

Number of Similar
Units, Similar

Pre-1960 or Unknown-
Age Building or

1960-1977 Building
or Development:

Common Areasor Development: Number to Number to Test
Exterior Sitesin a Test
Building or
Development
1-9 All All
10-13 All 10
14 All 11
15 All 12
16-17 All 13
18 All 14
19 All 15
20 All 16
21-26 20 16
27 21 17
28 22 18
29 23 18
30 23 19
31 24 19
32 25 19
33-34 26 19
35 27 19
36 28 19
37 29 19
38-39 30 20
40-48 31 21
49-50 31 22
51 32 22
52-53 33 22
54 34 22
55-56 35 22
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Number of Similar
Units, Similar

Pre-1960 or Unknown-
Age Building or

1960-1977 Building
or Development:

1997 Revision

Common Areasor Development: Number to Number to Test
Exterior Sitesin a Test
Building or
Development
57-58 36 22
59 37 23
60-69 38 23
70-73 38 24
74-75 39 24
76-77 40 24
78-79 41 24
80-88 42 24
89-95 42 25
96-97 43 25
98-99 44 25
100-109 45 25
110-117 45 26
118-119 46 26
120-138 47 26
139-157 48 26
158-159 49 26
160-177 49 27
178-197 50 27
198-218 51 27
219-258 52 27
259-279 53 27
280-299 53 28
300-279 54 28
380-499 55 28
500-776 56 28
777-939 57 28
7-22




Number of Similar Pre-1960 or Unknown- 1960-1977 Building
Units, Similar Age Building or or Development:
Common Areasor Development: Number to Number to Test
Exterior Sitesin a Test
Building or
Development
940-1004 57 29
1005-1022 58 29
1023-1032 59 29
1033-1039 59 30
1500 87 44
2000 116 58
2500 145 73
3000 174 87
3500 203 102
4000 232 116
Although the data set used to develop sample sizesin rate of 5 to 10 percent, because few developments are
multifamily housing* was not randomly selected from likely to bein that range. In short, the sampling
all multifamily housing developments in the nation (no design presented here will yield a more targeted, cost-
such data set is available), analyses drawn from the effective approach to identifying lead-based paint
data are likely to err on the side of safety and public whereitismost likely to exist.
health for at least two reasons. First, the prevalence
and amounts of lead-based paint are highest in pre- B. Sdlection of Housing Units
1960 housing developments. The sampling approach
used here focuses inspection effor.ts an buildi ngs where Thefirgt step in selecting housing unitsisto identify
agreater chance of lead-based paint hazards exist. o .
buildings in the development with a common
Second, and perhaps more important, none of the 65 cqnstrucﬂ on based on written documenf[at!on or visua
developments had leack-based paint in 5 to 10 percent of evidence of construction type. Such buildings can be
the units. That indicates lead-based paint in this range ggrjnpitﬁﬁﬁﬂﬁ&ﬂ?mﬁﬁxﬁng Were
islikely to be quite rare and that plausible increasesin amp'e, 1cing op
. ) L A built at the same time by the same builder and appear
sampling to improve detection in this range will fail to o . o
) : . . to be of similar construction, al of the unitsin the two
improve confidence in the results significantly. Most S .
- i buildings can be grouped for sampling purposes.
painting follows a pattern: Property owners or . ; .
! Units can have different sizes, floor plans, and number
managers often paint al surfaces, all components of bedrooms and il be arouned
within aroom, or similar componentsin all roomsin a groupea.
unit when there istenant turnover. Itisunlikely that o
lead-based paint distributions are completely random, The specific units to be tested should be chosen
as assumed in the 1995 edition of the Guiddlines. randomly from alist of al unitsin each building or
From the available data, there appears to be no buildings. The "Selection of Units' form (Form 7.4)
significant benefit to increasing the number of unitsto or acomparable form may be used to aid in the
be sampled to detect a prevalence selection process. A completelist of al unitsin each
group should be used and a separate identifying
sequential number must be assigned to each unit. For
1997 Revision 7-23



example, if apartment addresses are shown as 1A, 1B,
2A, 2B etc., they must be given a sequence number (1,
2,3,4, etc.).

Obvioudly, units without identifiers could not be
sdlected for inspection and would thus bias the
sampling scheme. Thelist of units should be complete
and verified by consulting building plans or by a
physical inspection of the development.

Specific units to be tested should be selected randomly
using the formula below, and atable of random
numbers or the random number function on a
calculator. Tables of random numbers are often
included in statistics books. Calculators with arandom
number function key can be obtained for less than $20
and are easier to use than tables. Inspectors are,
therefore, advised to use them to obtain the random
numbers, which can then be used to select the specific
numbered units. A unit number is selected by rounding
up the product of the random number times the total
number of unitsin the development to the next whole
number. That is;

Housing Unit number = Random number times Total
number, rounded up,

where:

Housing Unit number = the identification number for a
unitin alist;

Random number = arandom number between 0 and 1;
and

Total number = the total number of unitsin alist of
units.

The same unit may be selected more than once by this
procedure. Because each unit should be tested only
once, duplicate selection should be documented and
then discarded. The procedure should be continued
until an adequate number of units has been selected.

The "Sdlection of Units' form (Form 7.4) is completed
by filling in as many random numbers as are needed in
the appropriate column. Numbers for the third column
are obtained by multiplying the total development size
by each random number. Numbersfor the fourth
column are abtained by rounding up from the previous
calculation to the next whole number. If thewhole
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number in the fourth column has aready been selected,
that selection should not be entered again. The
notation "DUP" should be entered to show that the
sdlection was aduplicate. This process should
continue until the required number of distinct sample
numbers have been selected. Common areas and
exterior room eguivalents should be identified at this
time, but they are not considered to be separate units.

C. Listing Testing Combinations

The "Multifamily Housing LBP Testing Data Sheet"
form (Form 7.5) -- or a comparable form -- should be
used to list the testing combinations in each unit,
common area and exterior site that was selected for
inspection. In multifamily housing, the inventory of
testing combinations often will be similar for units
that have the same number of bedrooms. The
inspector should, however, list testing combinations
that are unique to each tested unit. For example, some
units may contain built-in cabinets while others do not.
The sdlection of testing combinations should,
therefore, be carried out independently in each
inspected unit.

Asin single family housing, take readings on all
testing combinationsin all room equivaentsin each
unit selected for testing.

1. Common Areas

Similar common areas and similar exterior sites must
always be tested, but in some casesthey can be
sampled in much the same way that dwelling units are.
Common areas and building exteriors typically have a
similar painting history from one building to the next.
In multifamily housing, each common area (such asa
building lobby, laundry room, or hallway) can be
treated like adwelling unit. If there are multiple
similar common areas, they may be grouped for
sampling purposesin exactly the same way as regular
dwelling unitsare. However, dwelling units, common
areas and exterior sites cannot all be mixed together in
asingle group.

All testing combinations within each common area or
on building exteriors selected for testing must be
inspected. Thisincludes playground equipment,
benches and miscellaneous testing combinations
located throughout the development. The specific



common areas and building exteriors to test should be
randomly selected, in much the same way as specific
units are selected using random numbers. (See Section
IV.B, above).

The number of common areas to test should be taken
from Table 7.3. In thisinstance, common areas and
building exteriors can be treated in the sasme way as
housing units (although they are not to be confused
with true housing units).

D. Number of Readingson Each Testing
Combination

The method for collecting XRF readings isidentical for
multifamily and single-family housing (see Section V).

E. XRF Calibration Check Readings

The method for collecting and evaluating XRF
calibration check readingsisidentical for multifamily
and single-family housing (see Section I1V.D).

F. Substrate Correction in Multifamily
Housing

The method for correcting X RF readings for substrate
biasisidentical for multifamily and single-family
housing (see Section |V .E) with one exception: For
multifamily housing, randomly select two housing units
to be used to collect substrate measurements for all
substrates within the development that need correction,
and use the results from those two units to perform
substrate correction calculationsin all tested units
within the development or building. If substrates exist
in common areas or on exterior sites that do not exist in
residentia areas, salect two locations from these areas
for substrate correction. Otherwise, the same substrate
correction readings can be applied to dwelling units,
common areas and exterior sites.

G. Classification of XRF Resultsin Multifamily
Housing

The inspector should record each X RF reading for each
testing combination on the "Multifamily Housing LBP
Testing Data Sheet,” (Form 7.5) or acomparable form,
and indicate whether that testing combination was
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classified as positive, negative, or inconclusive as
described previoudly for single-family housing.

When the inspection is completed in all of the selected
units and the classification rules have been applied to
all XRF results, the "Multifamily Housing:
Component Type Report" form (Form 7.6) or a
comparable form should be completed. Building
component types -- groups of like components
congtructed of the same substrate in the multifamily
housing development -- are aggregated on this form.
For example, grouping al interior wallswould create
an appropriate component type if all walls are plaster.
Grouping all doors would not be appropriate,
however, if some doors are metal and some are wood.
At least 40 testing combinations of a given component
type in amultifamily housing development must be
tested to obtain the desired level of confidencein the
results. (Refer to Appendix 12 of these Guidelines for
the gtatistical rationale for this minimum number of
component typesto test.) If fewer than 40 testing
combinations of a given component type were tested,
test additional combinations of that component type.
If less than 40 components of a given type exist in the
units to be tested, test all of the components that do
exist.

In some cases additional sampling of the specific
component may not be necessary. If no lead at or
above the standard is found on that component type,
additional measurements should be taken in other units
to increase the sample size to 40. However, if al or
most of the sampled component types are positive, no
further sampling is needed, provided that the building
owner agrees with this reduction of testing. For
example, if 20 out of 60 doors are tested, and the
majority are positive for lead-based paint, all similar
doorsin the buildings may be presumed positive.

Note, however, that all required XRF testing and
laboratory analysis, if necessary, must be completed to
conclude that all componentsincluded in agiven
component type are negative.

On the "Multifamily Housing: Component Type
Report" form, the substrate, and component for each
component type should be recorded under the heading
“Description” (for example, wooden interior doors) as
well asthe total number of testing combinations
included in the component type. In addition, for each
component type, the aggregated positive, negative, and
inconclusive classifications should be recorded as



described below. Record the number and percentage of
testing combinations classified as:

. Positive for lead-based paint. Thisis based
upon apositive XRF reading in accordance
with the XRF's Performance Characteristic
Shest;

. Inconclusive and having X RF readings less
than the midpoint of the XRF'sinconclusive
range ("low inconclusive");

. Inconclusive and having X RF readings equal to
or greater than the midpoint of the XRF's
inconclusive range ("high inconclusive"); and

. Negative for |ead-based paint.

The "Multifamily Decision Flowchart" (Figure 7.1)
should be used to interpret the aggregated X RF testing
resultsin the "Multifamily Housing: Component Type
Report” form. The flowchart is applied separately to
each component/substrate type (wood doors, metal
window casings, etc.) and shows one of the following
results:

. Positive: Lead based-paint is present
on one or more of the components.
. Negative: Lead based-paint isnot

present on the components throughout
the development. (Lead may till be
present at lower loadings and
hazardous leaded dust may be
generated during modernization,
renovation, remodeling, maintenance,
or other disturbances of painted
surfaces.)

These results are obtained by following the flowchart.
The decision that lead-based paint is present is reached
with 99 percent confidence if 15 percent or more of the
components are positive. (Refer to Appendix 12 for
the statistical rationale for this percentage.) The
decision that lead-based paint is not present throughout
the development is reached if: (1) 100 percent of the
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tested component types are negative, or (2) 100
percent of the tested component types are classified as
either negative or inconclusive and all of the
inconclusive classifications have X RF readings less
than the midpoint of the inconclusive range for the
XRFinuse. Notethat the midpoint of the
inconclusive rangeis not athreshold; it is used only
for classifying XRF readingsin multifamily housing in
conjunction with information about other XRF
readings as described here. (See section 2 below for
guidance on what to do when the percentage of
positive readingsis less than 5%). For caseswith
greater than or equal to 5% positives and less than
15% positives, aswell as no positives but greater than
15% high inconclusives, some confirmatory laboratory
testing may be needed to reach afinal conclusion,
unless the client wishes to assume the validity of the
XREF results and that all inconclusives are positive. For
each testing combination with an inconclusive XRF
reading at or above the midpoint of the inconclusive
range, a paint-chip sample should be analyzed by a
|aboratory recognized by the EPA National Lead
Laboratory Accreditation Program. If all the
|aboratory-analyzed samples are negative, it is not
necessary to test inconclusive X RF results below the
midpoint of the inconclusiverange. If, however, any
laboratory results are positive on a component type, all
inconclusives equal to or above the midpoint of the
inconclusive range should be analyzed. Once all
laboratory results have been reported, the
"Multifamily Housing: Component Type Report" form
should be updated to include the laboratory results and
classifications (either positive or negative).

The "Multifamily Decision Flowchart" is based on
data collected by EPA in alarge field study of XRF
instruments (EPA 1995). Percentages were chosen so
that, for each component type, thereis a 98 percent
chance of correctly concluding that lead-based paint is
either absent on al components or present on at least
one component of agiven



Yes /\ No

Are any
lab analyses

W
Lead-based paint

Lead-based paint
is present is not present
development-wide development-wide

No

"Positive," "negative," and "inconclusive" XRF readings are determined in accordance with the XRF
instrument's Performance Characteristics Sheet as described in the HUD Guidelines for the Evaluation
and Control of Lead Hazards in Housing, chapter 7.

A high inconclusive reading is an XRF reading at or above the midpoint of the inconclusive range.

For example, if the inconclusive range is 0.41 to 1.39, its midpoint (average) is 0.90; a reading in the
range from 0.90 to 1.39 would be a high inconclusive reading.

Any paint or coating may be assumed to be lead-based paint, even without XRF or laboratory analysis.
Similarly, any XRF reading may be confirmed by laboratory analysis.

Figure 7.1 Multifamily Decision Flowchart
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type. Thus, the probability that a tested component
type will be correctly classified isvery high.

Percentages of positive or inconclusive results are
computed by dividing the number in each classification
group by the total number of testing combinations of
the component type that were tested. For example, if
245 wooden doors in amultifamily housing
development were tested and 69 were classified as
inconclusive with X RF readings |ess than the midpoint
of theinconclusive range, 28 percent [(69 / 245) x 100
percent = 28.2 percent] should be recorded on the form
inthe “<1.0 percent” columns under the heading
"Inconclusive."

1 Unsampled Housing Units

If aparticular component type in the sampled unitsis
classified as positive, that same component type in the
unsampled unitsis also classified as positive. For those
cases where the number of positive componentsis
small, further analysis may determineif thereisa
systematic reason for the specific mixture of positive
and negative results.

For example, suppose that afew porch railings tested
negative, but most tested positive. Examination of the
sample resultsin conjunction with the building records
showed that the porch railings classified as positive
wereall original and therailings classified as negative
were all recent replacements. The records did not
reveal which units had replaced railings, and due to
historic preservation requirements, the replacement
railings were identical in appearance to the old railings.
Thus, al unsampled original porch railings could be
classified as positive, and all unsampled recently
replaced porch railings could be classified as negative if
at least 40 of the replaced porch railings had been
tested.

2. Fewer than 5% Positive Results

Where asmall fraction of XRF readings, less than 5
percent, of a particular component type are positive,
severa choices are available:

. First, the inspector may confirm the results by
laboratory analysis, which is considered
definitive when performed as described in
Section V1, below; alaboratory lead result of
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1.0 mg/cm? or greater (or 0.5 percent by
weight or greater) is considered positive.

. Second, the inspector may select a second
random sample (using unsampled units only)
and test the component type in those units. If
less than 2.5% of the combined set of results
is positive, the component type may be
considered as not having lead-based paint
development-wide, but, rather, having lead-
based paint in isolated locations, with a
reasonable degree of confidence. Individual
components that are classified positive should
be considered as being lead-based painted and
managed or abated appropriately.

. Finaly, if the client chooses not to confirm
the results by laboratory analysis and not to
take a second set of measurements, then the
component type should be considered as
having lead-based painted development-wide.

The inspector may wish to advise the client that the
cost of additional XRF testing or laboratory analysisis
usually much less than the cost of lead abatement or
interim control projects, and that thisis of particular
interest in the situation where few results are positive,
because there is a significant chance that the paint,
development-wide, may not be lead-based.

Whatever approaches are used, all painted individual
surfaces found to be positive for lead must be included
in the inspection report, regardless of development-
wide conclusions.

H. Evaluation of the I nspection

The methods for evaluating inspection servicesin
multifamily housing are identical to those described
for single-family housing (see Section IV .H) except
for the retesting option: In multifamily housing, a
total of 10 testing combinations should be selected for
retesting in two units.

I Documentation in Multifamily Housing

The method for documentation isidentical for
multifamily and single-family housing (see Section
IV.l), with the following exception: Useforms 7.2



through 7.6 for multifamily housing (see Addendum 2)
or comparable forms, not the single-family housing
forms.

When lead-based paint has been found in some unitsit
must be managed or treated as such in those units, even
if the inspection indicates that it is not present
development wide.

VI. Laboratory Testing for L ead in Paint

For inconclusive X RF results and areas that cannot be
tested using an X RF instrument, a paint-chip sample
should be collected using the protocol outlined here and
in Appendix 13.2 of these Guidelines. The sample
should be analyzed by alaboratory recognized under
the EPA National Lead Laboratory Accreditation
Program (NLLAP) using the analytical method(s) it
used to obtain the laboratory's recognition. If a paint
chip sample cannot be collected, the inspection report
should include alist of surfaceswhere paint chip
samples were needed but not taken (in this case, the
client would assume that inconclusives requiring
confirmation by laboratory analysis are positive).

A. Number of Samples

Only one paint-chip needsto be taken for each testing
combination. Additional samples can be collected asa
quality control measure, if desired.

B. Size of Samples

The paint-chip sample should be taken from a
4-sguare-inch (25-square-centimeter) areathat is
representative of the paint on the testing combination,
as close as possible to any XRF reading location and, if
possible, unobtrusive. Thisareamay bea2 by 2 inch
(5 by 5 centimeter) square, or a1 by 4 inch (2¥2 by 10
centimeter) rectangle, or have any other dimensions that
equal at least 4 square inches (25 square centimeters).
Regardless of shape, the dimensions of the surface area
must be accurately measured (to the nearest millimeter
or 1/16th of an inch) so that laboratory results can be
reported in mg/cm2. Results should be reported as
percent by weight if the dimensions of the surface area
cannot be accurately measured or if al paint within the
sampled area cannot be removed. In these cases, lead
should be reported in ppm or percent by weight, not in
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mg/cm2. Smaller surface areas can be used if
acceptable to the [aboratory.

The 4-square-inch (25-square-centimeter) area
practically guarantees that a sufficient amount of paint
will be collected for laboratory analysis. Asaresullt,
samples will sometimes weigh more than required for
some laboratory analysis methods. Smaller-sized paint
chips may be collected if permitted by the laboratory.
(See ASTM E 1729). In all cases, the ingpector
should consult with the NLLAP recognized laboratory
sdlected regarding specific requirements for the
submission of samplesfor lead-based paint analysis.

C. Inclusion of Substrate M aterial

Inclusion of small amounts of substrate material in the
paint-chip sample will result in minimal error if results
are reported in mg/cmz, but including any amount of
substrate can result in less precise results, with worse
effect as the amount of substrate increases. Substrate
material may not beincluded if results areto be
reported in weight percent (or ppm).

D. Repair of Sampled L ocations

Areas from which paint-chip samples are collected
should be repaired and cleaned, unless the areawill be
removed, encapsulated, enclosed, or repainted before
occupancy. Repairs can be completed by repainting,
spackling, or any other method of covering that
renders the bare surface inaccessible. Cleanup should
be done with wet wiping and rinsing, and it should be
done on both the surface and the floor undernezath the
surface sampled. The new covering or coating should
have the same expected longevity as new paint or
primer. Repair is not necessary if analysis shows that
the paint is not lead-based paint and leaving the
damage is acceptable to the client and/or the owner.

E. Classification of Paint-Chip Sample
Results

Any paint inspections may be carried out using only
paint-chip sampling and laboratory analysis at the
option of the purchaser of the inspection services. This
option is not recommended because it istime
consuming, costly, and requires extensive repairs.
Paint-chip sampling also has opportunities for errors,



such asinclusion of substrate material (for resultsin
weight percent), failure to remove al paint from an area
(including paint that has bled into a substrate) and
laboratory error. Nevertheless, paint-chip sampling
generaly hasasmaller error than does XRF and is,
therefore, appropriate as afina decisionmaking tool.
Laboratory results of 1.0 mg/cm? or greater, or 0.5
percent or greater, are to be considered positive. If the
laboratory reports both mg/cm?2 and weight percent for
asample, use whichever result is positive (if any) for
final classification. In the rare situation where more
than one paint-chip sample from asingle testing
combination is analyzed, the combination is considered
positive if any of those samplesis positive. All other
results are negative. No inconclusive range is reported
for laboratory measurements.

F. Unitsof Measure

Results should be reported in mg/cmz, the primary unit
of measure for lead-based paint analyses of surface
coatings. Results should be reported as percent by
weight only if the dimensions of the surface area cannot
be accurately measured or if not al paint within the
sampled area can be removed. In these cases, results
should not be reported in mg/cmz, but in weight
percent.

Weight measurements are usually reported as
micrograms per gram (..g/g), milligrams per kilogram
(mg/kg), or parts per million (ppm) by weight. For
example, a sample with 0.2 percent lead may also be
reported as 2,000 .g/g lead, 2,000 mg/kg lead, or
2,000 ppm lead.

G. Sample Containers

Samples should be collected in sealablerigid containers
such as screw-top plastic centrifuge tubes, rather than
plastic bags which generate static electricity and make
guantitative transfer of the entire paint sample in the
laboratory impossible. Paint-chip collection should
weight of lead from
subsample (in mg)

include collection of al the paint layers from the
substrate, but collection of actua substrate should be
minimized. Refer to ASTM E 1729 and Appendix 13
of these Guidelines for further details on collection of
paint-chip samples.

H. Laboratory Analysis M ethods

Several standard laboratory technologies are useful in
guantifying lead levelsin paint-chip samples. These
methods include, but are not limited to, Atomic
Absorption Spectroscopy (AAS), Inductively Coupled
Plasma-Atomic Emission Spectroscopy (ICP-AES),
Anodic Stripping Voltammetry (ASV), and
Potentiometric Stripping Voltammetry (PSV).

For analytical methods that require sample digestion,
samples should be pulverized so that there is adequate
surface area to dissolve the sasmple before laboratory
instrument measurement. In some cases, the amount
of paint collected from a 4-square-inch (25-square-
centimeter) area may exceed the amount of paint that
can be analyzed successfully. Itisimportant that the
actual sample mass analyzed not exceed the maximum
mass the laboratory has successfully tested using the
specified method. |f subsampling is required to meet
analytical method specifications, the laboratory must
homogenize the paint-chip sample (unless the entire
sample will eventually be analyzed and the results of
the subsamples combined). Without homogenization,
subsampling would likely result in biased, inaccurate
lead results (see ASTM E 1645). See ASTM PS 87
for an ultrasonic extraction method for preparing paint
samples for subsequent analysis for lead.

If the sample is properly homogenized and substrate
inclusion is negligible, the result can be reported in
either milligrams per square centimeter (mg/cmz; the
preferred unit), percent by weight, or both. The
following equation should be used to report the

results in milligrams per square centimeter:

total sample weight (in q)

X subsample weight (in g)

mg/cm 2=

sample area (in cn?)

To report results in weight percent, the following equation should be used:
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Weight percent = weight of lead in the subsample/weight of subsample x 100.

To report resultsin micrograms per gram ( .g/g), the following equation should be used:

weight of lead
from subsample (in ©.Q)

Hg/g =

If the laboratory reports results in both mg/cm? and
weight percent, and if one result is positive and the
other negative, the sampleis classified as positive.

Whatever the preparation techniques of paint-chip
samples (including homogenization, grinding, and
digestion), and instrument selection and operation
sdlected, the inspector should verify, prior to the
collection and submission of samples, that the
laboratory is approved to perform the appropriate
analytical methodologies. Methods should be applied
to paint-chip materials of approximately the same
mass and |lead loading (also called area concentration,
measured in mg/cm?) as those samples anticipated
from thefield.

Because of the potential for sample massto affect the
precision of lead readings, laboratory analysis
reference materials processed with field sasmples for
quality assurance purposes should have close to the
same mass as those used for paint-chip samples.
Refer to ASTM E 1645 or equivalent methods for
further details on laboratory preparation of paint-chip
samples, and refer to ASTM E 1613, ASTM E 1775,
ASTM PS 88, or equivaent methods on analysis of
samplesfor lead.

I L aboratory Selection

Only alaboratory recognized under EPA's National
Lead Laboratory Accreditation Program (NLLAP)
should be used for lead-based paint analysis. Such a
laboratory is required to use the same analytical
methods that it used to obtain accreditation. EPA
established NLLAP to provide the public with
laboratories that have a demonstrated capahility for
analyzing lead in paint chip, dust, and soil samples at
the levels of concern stated in these Guidelines. In
some states, an NLLAP laboratory must beused. To
participate in NLLAP, alaboratory must:
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subsample weight (in g)

. Participate successfully in the Environmental
Lead Proficiency Analytical Testing Program
(ELPAT). ELPAT isadministered by the
American Industrial Hygiene Association
(AIHA) in cooperation with the Centers for
Disease Control and Prevention (CDC),
National Ingtitute for Occupational Safety and
Health (NIOSH), and EPA. The proficiency
testing samples used in ELPAT consist of
variable levels of lead in paint, dust, and soil
matrices.

. Undergo a systems audit, including an on-site
visit. The systems audit must be conducted
by an accrediting organization with a program
recognized by EPA through a Memorandum
of Understanding (MOU). Laboratory
accrediting organizations participating in
NLLAP have accrediting program
requirements that meet or exceed NLLAP
laboratory quality system requirements stated
inthe MOU.

An up-to-date list of fixed-site and mobile laboratories
recognized by the EPA NLLAP for analysis of
paint-chip samples may be obtained from the National
Lead Information Center Clearinghouse by calling
1-800-424-LEAD or from the Lead Listing at
http://www .leadlisting.org. Since December 1993, the
American Association for Laboratory Accreditation
(A2LA) and AIHA have been recognized as
laboratory-accrediting organizations participating in
NLLAP. NLLAP specifies quality control and data
reporting requirements, as described in "L aboratory
Quiality System Requirements," which can befound in
Appendix A of the NLLAP Model MOU. The MOU
can also be obtained by calling the National Lead
Information Center Clearinghouse, at the number
above. The evaluation approachin ASTM E 1583
may be considered in selecting laboratories to use
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from among available NLLAP-recognized
laboratories.

J. Laboratory Report

The laboratory report for analysis of paint samples for
lead should include both identifying information and
information about the analysis. At aminimum, this
should include:

. Laboratory identifying information: including
the laboratory's name, address, and phone
number, and NLLAP and other applicable
certification and accreditation information;
similarly, the client and/or project's name and
address should be provided.

. Analytica method information: including the
information provided in accordance with
NLLAP procedures, and ASTM E 1613,
ASTM PS 88 or equivaent method(s) for
analysisfor lead.

. Sampleinformation: including field sample
number and any information (e.g., sample
type and/or location) given to the laboratory
about the sample, unique laboratory sample
number, anaytical method (including a
description of any variations from the
standard method), quality control/quality
assurance results, date of analysis, operational
or testing problems or unusual occurrences.

VII. Radiation Hazards

Portable X RF instruments used for lead-based paint
inspections contain radioactive isotopes that emit X
rays and gamma radiation. Proper training and
handling of these instruments is required to protect the
instrument operator and any other personsin the
immediate vicinity during XRF usage. The XRF
instrument should be in the operator's possession at all
times. The operator should never defeat or override
any safety mechanisms of XRF equipment.

A. XRF UseLicensesand Certification

In addition to training and certification in lead-based
paint inspection, a person using a portable XRF

1997 Revision

instrument for inspection must have valid licenses or
permits from the appropriate Federal, State, and local
regulatory bodies to operate X RF instruments because
of radioactive materials they contain. All portable
XRF instrument operators should be trained by the
instrument’s manufacturer (or equivalent). XRF
operators should provide related training, licensing,
permitting, and certification information to the person
who has contracted for their services before an
inspection begins. Depending on the State, operators
may be required to hold three forms of proof of
competency: manufacturer's training certificate (or
equivalent), aradiation safety license, and a State
lead-based paint inspection certificate or license. To
help ensure competency and safety, HUD and EPA
recommend that clients hire only those inspectors who
hold al three.

The regulatory body responsible for oversight of the
radioactive materials contained in portable XRF
instruments depends on the type of material being
handled. Some radioactive materials are Federally
regulated by the U.S. Nuclear Regulatory Commission
(NRC); others are regulated at the State level. States
are generally categorized as "agreement” and
"non-agreement” States. An agreement State has an
agreement with NRC to regulate radioactive materials
that are generally used for medical or industrial
applications. (Most radioactive materials found in
XRF instruments are regulated by agreement States).
For non-agreement States, NRC retains this regulatory
responsibility directly. At aminimum, however, most
State agencies require prior notification that a specific
XRF instrument is to be used within the State. Fees
and other details regarding the use of portable XRF
instruments vary from State to State. Contractors who
provide inspection services must hold current licenses
or permits for handling X RF instruments, and must
meet any applicable State or local laws or notification
requirements.

Requirements for radiation dosimetry by the XRF
instrument operator (wearing dosimeter badgesto
monitor exposure to radiation) are generally specified
by State regulations, and vary from Stateto State. In
some cases, for some isotopes, no radiation dosimetry
isrequired. Because the cost of dosimetry islow, it
should be conducted, even when not required, for the
following four reasons.
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. XRF instrument operators have aright to
know the levd of radiation to which they are
exposed during the performance of thejob. In
virtually all cases, the exposure will be far
below applicable exposure limits.

. Long-term collection of radiation exposure
information can aid both the operator
(employee) and the employer. The employee
benefits by knowing when to avoid a
hazardous situation; the employer benefits by
having an exposure record that can be used in
deciding possible health claims.

. The public benefits by having exposure
records available to them.

. The need for equipment repair can be
identified more quickly.

B. Safe Operating Distance

XRF instruments used in accordance with
manufacturer's instructions will not cause significant
exposure to ionizing radiation. But the instrument's
shutter should never be pointed at anyone, even if the
shutter is closed.

The safe operating distance between an XRF
instrument and a person during inspections depends on
the radiation source type, radiation intensity, quantity
of radioactive material, and the density of the
materials being surveyed. Asthe radiation source
guantity and intensity increases, the required safe
distance also increases. Placing materials, suchasa
wall, inthe direct line of fire, reduces the required safe
distance. Accordingto NRC rules, aradiation dose to
an individual in any unrestricted area must not exceed
2 millirems per hour. One of the most intense sources
currently used in XRF instrumentsis a40-millicurie
5"Co (Cobalt-57) radiation source. Other radiation
sourcesin current use for XRF testing of |ead-based
paint generally produce lower levels of radiation.
Generally, an XRF operator conducting inspections
according to manufacturer's instructions would be
exposed to radiation well below the regulatory level
(State of Wisconsin 1994). Typically, XRF
instruments with lower gamma radiation intensities
can use a shorter safe distance provided that the
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potential exposureto an individual will not exceed the
regulatory limit.

Persons should not be near the other side of awall,
floor, ceiling or other surface being tested. Verify that
thisisindeed the case prior to initiating X RF testing
activities, and check on it during testing.

If these practices are observed, the risk of excessive
exposureto ionizing radiation is extremely low and
will not endanger any inspectors or occupants present
in the dwelling.
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Addendum 1

Examples of L ead-Based Paint | nspections

A. Example of a Single-Family Housing I nspection

The inspector completed the "Single-Family Housing LBP Testing Data Sheet," recording "bedroom (room 5)" asthe
room equivalent and listing "plaster" asthe first substrate. The completed inventory of testing combinationsin the
bedroom indicated the presence of wood, plaster, metal, and drywall substrates. Brick and concrete substrates were not
present in the bedroom. Descriptions of al testing combinations in the bedroom were recorded. Completed Form 7.1
shows the completed inventory for all testing combinations in the bedroom. (Completed Forms are found in Addendum
3, after the blank forms.)

Before any X RF testing, the ingpector performed the manufacturer's recommended warm up procedures. The film was
placed more than 12 inches (0.3 meters) away from a painted or other surface. The inspector then took three calibration
check readings (1.18 mg/cmz, 0.99 mg/cmz, and 1.07 mg/cm?) on the NIST SRM with alead level of 1.02 mg/cm2
Results of the first calibration check readings were recorded on the "Calibration Check Test Results' form (see
Completed Form 7.2).

The inspector then averaged the three readings (1.08 mg/cm?), and computed the calibration difference (1.08 mg/cm? -
1.02 mg/cm?2 = 0.06 mg/cm?) and compared this to the calibration check tolerance shown inthe XRF Performance
Characteristic Sheet (see Completed Form 7.2). The calibration difference was not greater than the 0.20 calibration
check limits around the NIST SRM standard of 1.02 mg/cm?, that is, the difference was within the range of 0.82 mg/cm?
to 1.22 mg/cm?, inclusive. The instrument was considered in calibration, and X RF testing could begin.

The inspector recorded the results from the X RF testing in the bedroom on the " Single-Family Housing LBP Testing
Data Sheet." At that point, the inspector was able to complete this form only through the XRF Reading column (see
Completed Form 7.1). The remainder of the form was completed after the testing combinations in the house were
inspected and correction values for substrate bias were computed. The inspector then moved on to inspect the next
room equivalent.

The other bedroom, the kitchen, aliving room, and a bathroom were also inspected. Three substrates -- wood, drywall,
and plaster -- were found in these room equivaents. XRF testing for lead-based paint was conducted, using the same
methodology employed in the first bedroom (room 5). After these five room equivalents were tested, the inspector
noticed that all baseboards and all crown molding of the same substrate had X RF values of more than 5.0 mg/cm2. The
client had agreed earlier that testing could be abbreviated in this situation, so no further baseboard and crown molding
testing combinations were tested in the remaining room equivalents. All similar remaining untested baseboard and
crown molding with identical substrates were classified as positive in the final report based on the results of those
tested. Theraw datafor the tested baseboards and crown moldings were also included in the final report.

Four hours after theinitial caibration check readings, the inspector took another set of three calibration check readings.
(If the inspection had taken less than 4 hours, as is common, the second calibration check test would have been
conducted at the end of theinspection.) The readings were 1.45 mg/cmz, 1.21 mg/cmz, and 1.10 mg/cm?; the inspector
recorded the results on the "Calibration Check Test Results' form (Completed Form 7.2). The inspector then averaged
the three readings (1.25 mg/cm?), and computed the calibration difference (1.25 mg/cm? - 1.02 mg/cm?2 = 0.23 mg/cm?)
and compared thisto the calibration check tolerance shown in the XRF Performance Characteristic Sheet on
Completed Form 7.2. The calibration difference exceeded the 0.20 calibration check tolerance. The inspector then
marked "Failed calibration check" on the data sheets for those room equivalents that had been inspected since the last
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successful calibration check test, and consulted the manufacturer's recommendations. After trying, the instrument could
not be brought back into control. Consequently, the inspector began using a backup instrument, after performing a
calibration check and manufacturer's warm up and quality control procedure. The calibration check test showed that the
backup instrument was operating acceptably. Theinspector used the backup instrument to reinspect the room
equivalents checked with the first instrument, and then all the other room equivalents in the home. Next, because
substrate correction was required for all results on wood and metal below 4.0 mg/cm? as specified inthe XRF
Performance Characteristic Sheet for the XRF model in use, the inspector prepared to take readings for usein the
substrate correction computations. Using the random number function on a calculator and the list of sample location
numbers, the inspector randomly selected two testing combinations each with wood and metal substrates where initial
readings were less than 2.5 mg/cmz, removed the paint from an area on each selected testing combination dightly larger
than the faceplate of the X RF instrument, took three readings on the bare substrates, and recorded the readings on the
"Substrate Correction Vaues' form (Completed Form 7.3). The inspector calculated the correction values for each
substrate by averaging the six readings from the two test locations, rounded the result to the 2 places after the decimal
point that the XRF instrument displayed, and recorded the information in the Correction Vaue row. The inspector then
transferred the correction values to the " Single-Family Housing L BP Testing Data Sheet" for each corresponding
substrate.

After the inspector had finished taking the readings needed to compute the substrate correction val ues, the inspector
took another set of three calibration check readings. The inspector recorded the results on the "Calibration Check Test
Results' form, under Second Calibration Check, for readings taken by the backup X RF instrument (Completed Form
7.2). The second (and final) calibration check average did not exceed the 0.20 calibration check tolerance. The
inspector, therefore, deemed the X RF testing to be complete.

The inspector then calculated the corrected readings by subtracting the substrate correction value from each XRF result
taken on awood or metal substrate. The substrate correction value was obtained by averaging readings on bare surfaces
that had initially measured less than 2.5 mg/cm?2 with the paint still on the surface (Completed Form 7.3). The inspector
also used the inconclusive ranges obtained from the X RF Performance Characteristic Sheet (0.41 mg/cm?2 to

1.39 mg/cm?) for dl substrates except plaster (inconclusive range 1.01 mg/cm? to 1.09 mg/cm?). Based on the valid
window sill XRF readings, including substrate corrections for wood, there were initially 10 positive results, 2
inconclusive results, and 3 negative results in the bedroom. The two inconclusive results required paint-chip sampling
with laboratory confirmation; this resulted in one positive and one negative result. Theinspector then filled out the
"Single-Family Housing: Component Type Report” (Completed Form 7.1A). A description of each component type
was recorded in the first column, the total number of each tested component type was entered in the second column, and
the number of testing combinations classified as positive for each component type from the " Single-Family Housing
LBP Testing Data Sheet" (Completed Form 7.1) was calculated and entered in the third column. The inspector then did
the same for the testing combinations classified as negative. Based upon the X RF results as modified by the laboratory
confirmation of the two inconclusive samples, Completed Form 7.1A shows 11 positive and 4 negative results for wood
window sills. The remaining component types were entered in asimilar fashion.

B. Example of M ultifamily Housing Inspection

This section presents a simple example of a multifamily housing development inspection. An actua inspection would
have many more testing combinations than are provided here.

Theinspector'sfirst step was avisual examination of the development to be tested. During this pretesting review,
buildings with a common construction and painting history were identified and the date of construction -- 1948 -- was
determined. The construction and painting history of all the units was found to be similar, so that unitsin the
development could be grouped together for sampling purposes. The inspector determined that the devel opment had 55
units, and by consulting Table 7.3, determined that 35 units should be inspected.
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Theinspector used the " Selection of Housing Units' form (Completed Form 7.4) to randomly select units to inspect.
The total number of units, 55, was entered into the first column of the form. The random numbers generated from a
calculator were entered into the second column. The first random number, 0.583, was multiplied by 55 (the tota
number of units), and the product, 32.065, was entered in the third column. The product was rounded up from 32.065
to 33, and 33 was written in the fourth column, indicating that the 33rd unit would be tested. Other units were selected
using the same procedure. When a previously selected unit was chosen again, the inspector crossed out the repeated unit
number and wrote "DUP" (for duplicate) in the last column. The inspector continued generating random numbers until
35 distinct units had been selected for inspection. (In this case, it would have been faster to randomly determine the 20
units that would not be inspected (55 - 35 = 20) and then to select the remaining 35 units for inspection).

After identifying units to be inspected, the inspector conducted an inventory of all painted surfaces within the selected
units. The inspector completed the "Multifamily Housing LBP Testing Data Sheet" for every testing combination found
in each room equivalent within each unit. Completed Form 7.5 is an example of the completed inventory for the
bedroom of thefirst unit to be inspected. Theinventory showed that the bedroom was composed of four substrates and
eight testing combinations of the following components: (1) one ceiling beam, (2) two doors, (3) four walls, (4) one
window casing, (5) two door casings, (6) three shelves, (7) two support columns, and (8) one radiator. \Where more than
one of a particular component was present, except walls, one was randomly selected for XRF testing. Component
location descriptions were recorded in the "Test Location" column. Drywall and brick substrates were not present in the
bedroom.

Testing combinations not common to all units were added to the inventory list. The inspector also noted which types of
common areas and exterior areas were associated with the salected units, identified each of these common and exterior
areas as aroom equivalent, and inventoried the corresponding testing combinations.

The inspector inventoried the remaining 34 units selected and their associated types of common areas and exterior areas
before beginning XRF testing in the development. Alternatively, the inspector could have inventoried each room
equivalent as X RF testing proceeded.

After completing the inventory, the ingpector performed the XRF manufacturer's recommended warm up and quality
control procedures successfully. Then the inspector took three calibration check readings on a 1.02 mg/cm2 NIST SRM
film. The calibration check was accomplished by attaching the film to awooden board and placing the board on aflat
wooden table. Readings were then taken with the probe at least 12 inches (0.3 meters) from any other potential source
of lead. The following readings were obtained: 1.12, 1.00, and 1.08 mg/cm?2. These calibration check results were
recorded on the "Calibration Check Test Results' form (Completed Form 7.2). The difference between the first
calibration check average and 1.02 mg/cm? (NIST SRM) was not greater than the 0.3 mg/cm? calibration check
tolerance limit obtained from the XRF Performance Characteristic Sheet, indicating that the XRF instrument wasin
calibration and that X RF testing could begin. (Seethe single-family housing example, in Section A, above, of this
Addendum, for adescription of what to do when the calibration check tolerance is exceeded).

The inspector began X RF testing in the bedroom by taking one reading on each testing combination listed on the
inventory data sheet. XRF testing continued until all concrete, wood, and plaster component types were inspected in the
bedroom. The XRF readings were recorded on the "Multifamily Housing LBP Testing Data Sheet" form (Completed
Form 7.5). According to the XRF Performance Characteristic Sheet, the XRF instrument in use did not require
correction for substrate bias for any of the substrates encountered in the development, so the XRF classification column
was completed at that time. The inspector used single-family housing rules for classifying the X RF readings as positive,
negative, or inconclusive. The inspector also used the inconclusive ranges obtained from the XRF Performance
Characteristic Sheet (0.41 mg/cm? to 1.39 mg/cm?). The midpoint of the inconclusive range was then calculated to be
0.90 mg/cm? ([0.41 mg/cm? + 1.39 mg/cm?]/2 = 0.90 mg/cm?). The results of the classifications were recorded in the
Classification column of the "Multifamily Housing LBP Testing Data Sheet" form. Classifications for all testing
combinations within the unit were computed in the same manner as for the bedroom.
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Once inspections were completed in all of the 35 salected units of the development, the inspector completed the
"Multifamily Housing: Component Type Report" form (Completed Form 7.6). A description of each component type
was recorded in the first column, the total number of each tested component type was entered in the second column, and
the number of testing combinations classified as positive for each component type from the "Multifamily Housing LBP
Testing Data Sheet" (Completed Form 7.5) was calculated and entered in the third column. The inspector then did the
same for the testing combinations classified as negative, that is, XRF readings up to and including 0.40 mg/cm?, and for
inconclusive classifications with X RF readings less than the midpoint of the inconclusive range, that is, XRF readings
from 0.41 mg/cm? to 0.89 mg/cm?, and for inconclusive classifications with X RF readings equal to or greater than the
midpoint of the inconclusive range, that is 0.90 mg/cm? to 1.39 mg/cm?2. Using these readings and the total number of
the component type sampled, the inspector computed and recorded the percentages of positive, negative, and
inconclusive classifications for each component type.

After entering the number of testing combinations for each component type in the "Multifamily Housing Component
Type Report” form, the inspector noticed that only 34 wood door casings had been inspected. Becauseit is necessary to
test at least 40 testing combinations of each component type, the inspector arranged with the client to test six more
previously untested door casings. Additional units were randomly selected from the list of unsampled units. Aninitial
calibration check test was successfully completed and the six door casings were tested for lead-based paint. Another
calibration check test indicated that the X RF instrument remained within acceptable limits. The inspector then updated
the "Multifamily Housing: Component Type Report" form by crossing out with one line the row of the form that showed
the original, insufficient number of component types for testing; the inspector then wrote the information on the full 40
wood door casingsin anew row.

Theinspector used the "Multifamily Decision Flowchart" (Figure 7.1) to evauate the component type results. Because
100 percent of the plaster walls and metals baseboards tested negative for lead, the inspector concluded that no
lead-based paint had been detected on any walls or baseboards in the development, including those in uninspected units,
and entered "NEG" in the Overall Classification column. The inspector also observed that shelves, hall cabinets, and
window casings had no positive results. For al of the other component types, 15% or more of the readings for each
type were positive; after choosing not to perform additional X RF readings or laboratory analysis on those components,
that is, to rely on the XRF readings, the inspector entered "POS" in the Overall Classification column for them. For the
shelves, all the XRF results were negative or inconclusive and less than 0.90 mg/cm?2 ("low inconclusive") so the
inspector, in accordance with the flowchart, entered "NEG" in the Overall Classification column. The hall cabinets and
window casings were classified asinconclusive with some readings greater than or equal to 0.90 mg/cm? ("high
inconclusive"). Theinspector determined that over 15 percent of the readings taken on these component types were
high inconclusives. The inspector chose to take additional samplesfor laboratory analysis, to seeif any or al of the
samples would be determined to be negative by laboratory analysis.

The inspector collected paint-chip samples from the inconclusive component types, but only from testing combinations
where XRF readings were equal to or greater than 0.90 mg/cmz, the midpoint of the inconclusive range. Paint-chip
samples were taken from 32 sampling locations. 12 hall cabinets, 7 window casings and 13 metal radiators. The
paint-chip samples were collected from a4-square-inch (25-square-centimeter) surface area on each component. Each
paint-chip sample was placed in a hard-shelled plastic container, sealed, given a uniquely-numbered label, and sent to
the laboratory for analysis.

The laboratory returned the results to the inspector, who entered the laboratory results and classifications on the
appropriate "Multifamily Housing LBP Testing Data Sheet" (Form 7.5). Laboratory results of all 5 paint-chip samples
taken from the window casings were classified as negative. The laboratory results of 5 samples from the hall cabinets
were classified as positive, and 7 as negative. The metal radiator results were classified as 9 positives and 4 negatives.

The "Multifamily Decision Flowchart" was applied to the results shown in the "Multifamily Housing: Component Type
Report" to determine the appropriate classification for each component type. The inspector classified all shelves and
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window casings as hegative, based either on the X RF substrate-corrected readings or on laboratory confirmation
analysis, respectively. Therefore, no further lead-based paint testing was required for the shelves and window casings.
About 9.1 percent (none positive by XRF analysisand 5 positive by lab analysis of the 55 that were inspected) of all
hall cabinets in the housing devel opment had |ead-based paint.

Final decisions made by the development client regarding the hall cabinets were based on various factors, including:

. The substantially lower cost of inspecting all hall cabinetsin the development versus replacing al of those
cabinets;

. Future plans, including renovating the buildings within three years; and

. The HUD/EPA disclosure rule requirements regarding the sale or rental of housing with lead-based paint.

In this case, the client arranged for testing hall cabinetsin al of the unsampled units to determine which were positive,
and which were negative. To verify the accuracy of the inspection services, the client asked the inspector to retest 10
testing combinations. The retest was performed according to instructions obtained from the XRF Performance
Characteristic Sheet. The client appointed an employee to randomly select 10 testing combinations from the inventory
list of 2 randomly selected units. The employee observed the inspector retesting the 10 selected testing combinations,
using the same XRF instrument and procedures used for the initial inspection. A single XRF reading was taken from
each of the 10 testing combinations. The average of the 10 repeat X RF results was calculated to be 0.674 mg/cmz, and
the average of the 10 previous X RF results was computed to be 0.872 mg/cm?2. The absolute difference between the two
averages was computed to be 0.198 mg/cm?2 (0.872 mg/cm?2 minus 0.674 mg/cm?). The Retest Tolerance Limit, using
the formula described in the XRF Performance Characteristic Sheet , was computed to be 0.231. Because

0.198 mg/cm? isless than 0.231 mg/cm?, the inspector concluded that the inspection had been performed competently.
Thefinal summary report also included the address of the inspected units, the date(s) of inspection, the starting and
ending times for each inspected unit, and other information described in Section V.| of Chapter 7.

At the end of the work shift, the inspector took afinal set of three calibration check readings using the same procedure
asfor theinitial caibration check. The following readings were obtained: 0.86, 1.07 and 0.94 mg/cm2. The average of
thesereadingsis 0.97 mg/cm2. The difference between 0.97 mg/cm? and the NIST SRM's 1.02 mg/cm? is -0.08 mg/cmg,
which is not greater in magnitude than the 0.30 mg/cm? calibration check tolerance for the instrument used. The
inspector recorded that the X RF instrument was in calibration, and that the measurements taken between the first and
second calibrations could be used.
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Endnotes

1 Most XRF instruments detect K-shell fluorescence (X-ray energy), some L-shell fluorescence, and
some K and L fluorescence. Ingeneral, L X rays released from greater depths of paint are lesslikely to reach
the surface than are K X rays, which makes detection of lead in deeper paint layersby L X rays alone more
difficult. However, L X raysarelesslikely to beinfluenced by substrate effects.

2. Westat, Inc. An Analysis and Discussion of the Single Family Inspection Protocol Under the 1995
HUD Guidelines. Draft Report. 1996.

3. Dixon, S., National Center for Lead-Safe Housing, Sample Size as a Function of Multifamily
Development Size. 1997.

4. The statistical rationale and calculations used to develop sample sizesin multifamily housing is
based on a data set which contains approximately 164,000 X RF readings from 23,000 room equivaentsin
3,900 units located in 65 housing developments. Statistical and theoretical analyses completed for HUD are
available through the Lead Clearinghouse and on HUD's World Wide Web Home Page.
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